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(54) Absorbent sheet and process for producing the same 



(57) The absorbent sheet comprising at least 
hydrophilic fibers and thermally fusible bonding fibers or 
a strengthening assistant, and a SMperabsorbent poly- 
mer is characterized in that: 

the superabsorbent polymer is not present on an 
absorbent surface of the absorbent sheet for absorbing 
liquid but distributed inside the absorbent sheet, and is 
adhered and fixed to the hydrophilic fibers constituting 
the absorbent sheet: 

the superabsorbent polymer Is spread at an 
amount of 5 to 300 g perl nf of the absort)ent sheet; and 

the ab6ort)ent sheet has a thickness of 0.3 to 1 .5 

mm. 
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The present invention also provides an atmoibent article which preferably uses the above sheet, that is, an absorbent 
article for absorbing body fluids comprising at least a liquid retentive absorbent member and a liquid impermeable back- 
sheet, the absorbent article being characterized in that: 

the absorbent member comprises the absorbent sheet which comprises superabsorbent polymer partides. and 
5 a fiber structure comprising bulky hydrophilic cellulose fibers and thermally fusible bonding fibers or a strengthening 
assistant 

the superabsorbent polymer partides being not present on an absorbent surface of the absorbent sheet for 
absorbing the llqutd but distributed inside and fixed to the fiber structure. 

the absorbent sheet having a thickness of 0.3 to 1 .5 mm, and the superabsort^ent polymer being spread at an 

10 amount of 20 to 70 g perl m^ of the at^sorbent sheet; and 

the absorbent artide does not give uncomfortable feeling caused by absorption of the body fluids and swelling 
of the superabsorbent polymer particles during usage. 

In this specification, the term liber web" means a web in which constituent fibers are not at all constrained to each 
other or constrained very slightly due to mechanical entanglement, frictional force, etc. and have an extremely high 

IS decree of freedom while wet, and, after drying the constituent f it>ers are firmly constrained to each other to take a sheet 
form; the temi Iber aggregate" means an aggregate of fibers which predominantly comprises f bers and takes a sheet 
form, and refers to ordinary paper, nonwoven fabric and woven fabric, and also to the above-mentioned fiber web; and 
the term "f ber structure" means a sheet-material of fibers which predominantly comprises the f ber web and the fber 
aggregate to thereby form a unitary body 

20 According to the present invention, there is obtained an absorbent sheet in which a superabsorbent polymer is 
securely fixed therein so that it hardly falls off the sheet, and the superabsorbent polymer hardly causes gel blocking. 
The absorbent sheet of the present invention combines three functions of liquid permeation, diffusion and retention and 
exhibits high performance in temns of both absorption rate and ak>sorption capacity. Although the absorbent sheet has 
quite an ultrathin thickness, it exhbits unexpected high absorption performance. 

25 According to the preferred processes for produdng the absorbent sheets of the present invention, the production 
speed is greatly increased as compared with conventional techniques. The processes of the present invention require 
no complicated steps for fixation of a superabsort>ent polymer, achieving marked sirrplif ication of the production process. 

The processes of the present invention allow a superabsorbent polymer to be spread not only all the area of the 
absorbent sheet but partly in stripes extending in the longitudinal direction or intermittently in the longitudinal direction 

30 of the absorbent sheet. That is, the area in which a superabsorbent polymer is spread can be designed in agreement 
with the end use. so that the absorbent sheet is economically produced. 

The present invention provides ultrathin absorbent articles which contains a targe amount of a superabsorbent in a 
fixed state notwithstanding their small thickness. The absorbent articles of the present invention have a high rate of liquid 
absorption, hardly cause a back-flow of absorbed liquid, and have a decreased incidence of leaks. Where an absorbent 

35 member of an absorbent article consists solely of the absorbent sheet of the present invention, the absort^ent article 
can be manufiactured through an extremely simplified production process at a high speed, in which the absort)ent sheet 
is merely cut to size. Further, since the absorbent sheet comprises a fber web and a fiber aggregate which form a unitary 
body, and a superabsorbent polymer is contained in the absorbent sheet, the superabsorbent polymer is prevented from 
separating from the absorbent sheet and redudng its absorption performance even when the wearer takes volet exer- 

40 cise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is a diagrammatical schematic view illustrating the cross section of the first absorbent sheet of the present 
45 tnventkm, and Rg. 1 B is a schematic view illustrating the cross secton of thef irst absorbent sheet of the present inventk>n. 

Fig. 2 is a schematic view illustrating an apparatus which can be preferably used for producing the first absorbent 
sheet of the present invention. 

Rg. 3 is a schen^atic view illustrating the cross sect ion of the second absorbent sheet of the present invention, 
which corresponds to Fig. 1 B. 

so Rg. 4 is a schematic view illustrating the cross section of the third absorbent sheet of the present invention, which 
corresponds to Fig. 1B. 

Fig. 5 is a schematic view illustrating an apparatus which can be preferably used for produdng the second absorbent 
sheet of the present invention. 

Fig. 6 is a schenf^tic view illustrating the cross section of the fourth absorbent sheet of the present invention, which 
55 corresponds to Fig. 1 B. 

Fig. 7 is a schematic view illustrating the cross section of the fifth absorbent sheet of the present inventk>n. which 
conesponds to Fig. IB. 

Rg. 8 is a schematic view illustrating an apparatus which can be preferably used for producing the fourth absorbent 
sheet of the present invention. 
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Fig. 9 is a schematic view illustrating the cross section of the sixth absorbent sheet of the present invention, which 
corresponds to Fig. 1B. 

Fig. 10 is a schennatic view illustrating an apparatus which can be prefoably used for producing the sixth absorbent 
sheet of the present invention. 

5 Fig. 11 is a schematic view illustrating another apparatus which can be preferably used for producing the sixth 
absorbent sheet of the present invention. 

Fig. 12 is a schematic view illustrating the transverse section of a sanitary napkin as a first preferred embodiment 
of the absorbent article according to the present invention. 

Fig. 1 3 is a schematic view illustrating the transverse section of a sanitary napkin as a second pref en^ed embodiment 
10 of the absorbent article according to the present invention. 

Fig. U is a schematic view illustrating the transverse sect ion of a sanitary napkin as a third preferred embodiment 
of the abso}t>ent article according to the present invention. 

Fig. 1 5 is a schematic view illustrating the transverse section of a sanitary napkin as a fourth preferred embodiment 
of the absorbent article according to the present invention. 
IS Fig. 16 Is a schematic view illustrating the transverse section of a sanitary napkin as a fifth preferred embodiment 
of the absorbent article according to the present invention. 

Fig. 1 7 is a schematic view illustrating the transverse sect ion of a sanitary napkin as a sixth prefen'ed embodiment 
of the absort>ent article according to the present invention. 

Fig. 18 is a schematic view illustrating measurement of a rate of absorption. 
20 Fig. 19 is a schematic view illustrating measurement of a back-flow. 

Fig. 20 is a schematic cross section of a conventional sanitary napkin. 
Fig. 211s a schematic view illustrating the thickness of a sanitary napkin. 
Fig. 22 illustrates a movable model of female hips and crotch. 

Fig. 23 illustrates the movable nxxiel of Fig. 22 with a sanitary napkin applied to the crotch. 
25 Fig. 24 is a schematic cross section of a conventional absorbent sheet. 

Fig. 25 IS a schematic view showing an apparatus for measuring the passage time of an aqueous glycerol solution. 
Fig. 26 is a schematic view showing an apparatus for measuring an absorption height of physiological saline by 
Klemm's Method. 

30 p^AtLED DESCR IPTION QF THE INVgNTIpN 

The first absorbent sheet of the present invention will be desaibed in detail by referring to the accompanying draw- 
ings. Fig. 1 A is a diagrammatical schematic cross section of the first absort)ent sheet, and Fig. 1 6 is a schematic aoss 
. section of the first absorbent sheet. 
3S The first absorbent sheet 1 0 according to the present invention comprises at least hydrophilic fine fibers, and ther- 
mally fusUe bonding fibers or a strengthening assistant, and a superabsorbent polymer 16. The absort}ent sheet 10 
has an absorbent surface 12 for absorbing Ik^uid, and the absort>ent polymer is not present on the absorbent surface 
1 2, and the absorfc)ent polymer 1 6 is distributed inside the absorbent sheet 10. The superabsorbent polymer 1 6 is adhered 
to the hydrophilic fine fibers constituting the absorbent sheet 1 0. 
40 As shown in Fig. 1 A and Fig. 1 B, the first absorbent sheet 1 0 preferably comprises a fiber aggregate 15 and a fiber 
web 1 8. The fiber aggregate 1 5 has an absorbent surface 1 2, and does not contain a superabsorbent polymer 1 6 at the 
side of the absorbent surface 12. 

The fiber web 18 comprises at least hydrophilic fibers. 

As shown in Fig. 1 A and Fig. IB, the fiber aggregate 15 and the fiber web 18 forms a unitary body. The superab- 
45 sorbent polymer 16 is distributed inside the fiber web 18. 

A preferred embodiment of the first absoit>ent sheet 10 is characterized by comprising the fiber aggregate 15 and 
the fiber web 18 in a unitary body, with the superabsorbent polymer 16 contained therein. More specifically, the fit>er 
aggregate 15 and the fiber web 1 8 are formed in a unitary body through mechanical entanglement of the fbers consti- 
tuting the fber aggregate 1 5 and the fibers constituting the fiber web 1 8, t^rogen bonding (and a strengthening assist- 
so ant), heat fision, and the like. Thus, the superabsorbent polymer 16 is securely fixed in the at)sorbent sheet 10 and 
prevented from falling off. The first absorbent sheet 1 0 exhibits improved permeability to liquid absorbed from the absort)- 
ent surface 1 2 and makes the liquid smoothly reach the superabsorbent polymer 1 6. Gel blocking of the superabsoit>ent 
polymer 16 having absorbed liquid is suppressed. Accordingly, the structure of the first absorbent sheet 10 is entirely 
different from a conventional absorbent sheet (Fig. 24) composed of a pair of sheets of absorbent paper having a super- 
55 absort)ent polymer interposed therebetween. That is, the conventtonal absorbent sheet is a two-ply sheet while the first 
absort)ent sheet 10 is a single-ply sheet. 

Such integration of the fiber aggregate 15 and the fiber web 18 is preferably achieved by overlaying in wet paper 
making as hereinafter desaibed. 

The fiber web 18 in the first ab8ort>ent sheet 10 is explained below. 
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The term liber web" as used herein means a web in which constituent fibers are not at all bound to each other or 
bound very slightly due to hydrogen bonding, mechanical entanglement, frictional force, etc. and have an extremely high 
degree of freedom whBe wet, and, after drying the constituent fibers are firmly bound to each other to take a sheet form. 
It is important that the fber web 1 8 should be in a wet state in order for the constituent fibers to have an extremely 

5 high degree of freedom before the superabsorbent polymer 16 isspread thereon. The superabsort>ent polymer 16spread 
over the fiber web 18 in a wet state is distributed from the surface to the inside of the fiber web 18 and fixed to the fiber 
web 18, i.e., three-dtmensionally distributed in the fiber web 18. It is also inportant for the fber web 18 to have such 
strength enough to prevent the superat>sorbent polymer 1 6 from precipitating on the surface of the first absorbent sheet 
1 0 after forming the fiber web 1 8 and the f iber aggregate 1 5 into a unitary body. H is preferable to this effect that the fiber 

10 web 18 has a wet strength of 50 g or more, still preferably 100 g or more, as measured according to J IS (Japanese 
Industrial Standard)-P-8113. In order to endow the fiber web 18 with such a wet strength, thermally fusible bonding 
fibers or a strength^ng assistant are incorporated. It is preferable to further incorporate wood pulp or nonwood pulp 
which gives hydrogen bonding. 

The fiber web 18 preferably has a basis weight of 10 to 200 Q/trP, more preferably 10 to 100 g/rrP, still preferably 

IS 20 to 80 gfvr?. If the basis weight is less than 1 0 g/m^, there is a fear of the superabsort>ent polymer 1 6*s breaking out 
of the fiber web 18 and falling off on swelling. If the basis weight exceeds 200 g/m^. the fber web has too a high density, 
and the first absorbent sheet 10 becomes too hard, failing to fix the superabsorbent polymer 16three-dimensionaily, or 
resulting in deteriorated liquid permeability. Such a hard absorbent sheet may deteriorate the feel on use. Aocordingly. 
the basis wei^ of the fiber web 18 preferably falls within the above range. 

20 The above-menSoned fiber web contains at least hydrophilic fibers. The hydrophiltc fbers are not particularly limited 
. as long as the fibers have a hydrophilic surface and. while wet are capable of forming a web in which the fibers have 
an extremely high degree of freedom from each other. While not limiting, exanples of such hydrophilic fibers include 
natural cellulose f b&s. such as wood pulp (e.g.. soft wood kraft pulp, and hard wood krafl pulp) fibers, cotton pulp fibers 
and straw pulp fbers. regenerated cellulose fibers, such as rayon and cupra, synthetic hydrophilic fibers, such as polyvinyl 

25 alcohol fiber and polyacrylonitrile fiber; and synthetic fibers (e.g., polyethylene fiber, polypropylene fiber, and polyester 
fiber) having been rendered hydrophilic with a surface active agent. These hydrophiFic fbers may be used either indi- 
vidually or as a combination thereof. 

The hydrophilic fbers should be present in an amount of at least 30 parts by weight preferably 50 parts by weight 
or more, per 100 parts by weight of the fber web. 

50 Of the above-enumerated hydrophilic fbers preferred are cellulose fbers. Cellulose fbers are preferred for having 
a stable hydrophilic surface and keeping hydrophilicity even after getting wet. Bulky cellulose fbers, such as natural 
cellulose fibers and regenerated cellulose fibers, are particularly preferred. From the economical viewpoint, wood pulp, 
particularly softwood kraft pulp is preferred. Use of the bulky cellulose fibers not only brings about further improvement 
on the dispersibility and the f ixability of a superabsorbent polymer txjt makes it easier to control the drainage properties 

35 of the fber web in wet paper making. Further, bulky cellulose fbers form a bulky fiber web having a high void content 
80 that a superabsoibent polymer can be easily embedded, dispersed and fixed therein, and gel blocking of the super- 
absorbent polymer can be prevented. The average fiber length of the bulky cellulose fillers is not particularly limited but 
is preferably 1 to 20 mm in general. Also, in the present invention, fibers obtained by conducting hydrophilicity treatment 
on synthetic fbers such as PET, PE, PR etc. are also preferably used as the bulky fibers. 

40 The term TduHqt fbers" herein means fibers having a three-dimensional structure such as a torsion structure, a 
crimped structure, a bent structure and/or branched structure, or alternatively, fbers having a thick fber cross-section, 
for example, having a degree of fiber roughness of 0.3 mg/m or more. 

The bulky ceflufose fibers are preferably present in an amount of 30 parts by weight or more, still preferably 50 to 
99 parts by weight, per 100 parts by weight of the fber web. 

45 A preferred exanpte of the bulky cellulose fibers is cellulose fibers having a degree of fiber roughness of 0.3 mg/m 
or more. Such cellufose fibers are prefen-ed because they are accunvjlated in a bulky state to easily form a bulky network 
structure in the fiber web and also because the formed fiber web has tow resistance against liquid transfer to afford an 
increased rate of liqifld permeation. 

The term "degr^ of fber roughness" as used herein means a measure indicative of fineness of fibers having non- 

so uniform fineness. The degree of fiber roughness can be measured, for example, with a fber roughness meter ''FS-200" 
manufactured by Kcganni Electronics, LTD. 

As stated above, the bulky cellulose fibers to be used preferably have a degree of fber roughness of 0.3 mg/m or 
nrwre. still preferat^y 0.3 to 2 mg/m. particularly preferably 0.32 to 1 mg/m. 

Specific examptes of the cellulose fbers having a degree of fiber roughness of 0.3 mg/m or more include softwood 

65 kraft pulp "Albacel" ijroduced by Federal Paper Board Co. and "Indorayon" produced by PT Inti Indorayon Utama. 

Another preferred example of the bulky cellulose fibers is cellulose fibers whose cross section has a degree of fiber 
roundness of 0.5 to 1. particularly 0.55 to 1 . Cellulose fitiers having a degree of fber roundness in the fiber cross section 
of 0.5 to 1 have low resistance against iKiuid transfer to afford an increased rate of Ikpjid permeation. The method of 
measuring a degree of the fber roundness of the fber cross section will be described later. 
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While wood pulp is preferably used as cellulose fbers as previously mentioned, wood pulp generally has a flat 
section owing to deiignination treatment and mostly has a degree of fiber roundness in the fiber cross section of less 
than 0.5. The degree of fber roundness in the fiber cross section of such wood pulp can be inaeased to 0.5 or more 
by, for example, mercerization to expand the cross section of wood pulp f bers. 
5 Thus, mercerized pulp having a degree of fiber roundness in the fiber cross section of 0.5 to 1 . which is obtained 
by mercerization of wood pulp, is also prefen'ed bulky cellulose fibers. Speciic examples of commercially available 
mercerized pulp which can be used in the present invention include Tiltranier^ and "Porosanier** both produced by ITT 
Rayonier Inc. 

Cellulose fibers having a degree of roughness of 0.3 mg/m or more and a degree of fiber roundness in the fiber 
10 cross section of 0.5 to 1 are particularly preferred for ease of formation of a bulky network structure and for further 
increasing the rate of liquid permeation. 

A still another preferred example of the bulky cellulose fibers is aosslinked celluk}se fibers obtained by intramolecular 
and/or intermolecdar crosslinking of cellulose fbers. Crosslinked cellulose fi)ers are preferred for capability of main- 
taining a bulky structure while wet. 
15 While not particularly limiting, crosslinking of cellulose fibers can be carried out by using a crosslinking agent. Useful 
crosslinking agents include N-methy1ol compounds, such asdimethylolethyieneurea and dimethyloidihydroxyethyleneu- 
rea; polycarboxylic acids, such as citric acid, tricarballylic acid, and butanetetracarboxylic ackj; pdyols, such as dimeth- 
ylhydroxyethyleneurea; and polyglycidyl ether compounds. Polycarboxylic acids or polyglyddyi ether compounds which 
do not generate formalin harmful to human bodies on crosslinking are preferred. 
20 The crosslinking agent is preferably used in an amount of 0.2 to 20 parts by weight per 100 parts by weight of 
cellulose fbers. 

Crosslinking of cellulose fibers using the above-mentioned crosslinking agent can be carried out by. fa example, 
immersing cellulose fibers in an aqueous solution of the crosslinking agent containing, if desired, a catalyst, dehydrating 
the impregnated cellulose fibers to have a presaibed add-on of the crosslinMng agent aqueous solution, and heating 
25 the fibers to a crosslinking temperature; or spraying the crosslinking agent aqueous solution onto the cellulose fbers to 
give a presaibed add-on. followed by heating.to the crosslinking temperature to induce crosslinking. 

Commercially available aosslinked cellulose fibers include "High Bulk Additive" produced by Weyerhaeuser Paper 

Co. 

In addition to the aforesakl preferred bulky cellulose fibers, bulky cellulose fibers obtained by intramolecular and/a 
30 intermolecular crosslinking of cellulose fibers, e.g. . pulp, having a degree of fiber roughness of 0.3 mg/m or more accord- 
ing to the atX3ve<lesalbed methods are also preferred. 

Bulky cellulose fibers obtained by intramolecular and/or intermolecular crosslinking of pulp having a degree of fiber 
roundness in thef iber cross section of 0.5 to 1 according to the above-descrit>ed crosslinking methods are also preferred. 
Bulky cellulose fibers obtained by Intramolecular and/or intermolecular crosslinking of mercerized pulp having a 
35 degree of fber roundness in the fber cross section of 0.5 to 1 according to the above<described aosslinking methods 
are also preferred. 

More preferred are bulky cellulose fibers obtained by crosslinking pulp having a degree of fber roughness of 0.3 
mg/m or more and a degree of fber roundness in the fber aoss section of 0.5 to 1 according to the above-described 

aosslinking methods. 

40 Still preferred are bulky cellulose fibers obtained by mercerizing pulp having a degree of fiber roughness of 0.3 
mg/ml or more to increase the degree of fber roundness to 0.5 to 1 and then crosslinking the mercerized pulp according 
to the above-descrbed crosslinking methods. 

In order to keep the structure stable even when the absorbent sheet according to the present invention get wet. it 
is necessary to endow the fber web with a wet strength, in particular to incorporate tinermally fusible bonding fbers or 
45 a strengthening assistant 

Also, in order to improve the strength of the absorbent sheet by strengthening the hydrogen t>ond between the 
cellulose fibers, it may be effective to incorporate ordinary cellulose fibers, that is. wood pulp or nonwood pulp a the 
like in place of the thermally fusible boding fibers a the strengthening assistant However, in order to obtain a sufficient 
wet strength of the absortsent sheet, it is preferred to incorporate tiie ordinary cellulose fbers in combination witii the 
so thermally fusible bonding fbers or the strengthening assistant. 

The thermally fusible bonding fibers which can be used are fibers which are fused together upon heating. Examples 
of thermally fusble bonding fibers include polyolef in fibers, such as polyethyleie. polypropylene, and polyvinyl alcohol, 
polyester fbers, polyethylene-polypropylene conjugate fibers, polyethylene-polyester conjugate fibers, low-melting pol- 
yester-polyester conjugate fibers, polyvinyl aicohot-pdyprof^lene conjugate fbers having a hydrophilic surface, an6 
55 polyvinyl alcohol-polyester conjugate fibers. The conjugate fbers may be either of a core/sheath type or a side-by-side 
type. These thermally fusible bonding fbers may be used either individually or as a mixture of two or more thereof. 
Polyvinyl alcohol fbers and polyester fibers are preferred for use in the present invention. 

It is generally prefoned that the thermally fusible bonding fibers have a fiber length of 2 to 60 mm and a fber diameter 
of 0.1 to 3 denier, particulariy 0.5 to 3 denier. 
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As stated above, the fiber web is ackied with a strengthening assistant, such as a polyannine-epichlorohydrin resin, 
dialdehyde starch, sponge or carboxymethyl cellulose. The strengthening assistant is added In an amount of 0.01 to 30 
parts by weight, preferably 0.01 to 20 parts by weight, per 100 parts by weight of the fiber web. 

When the thernnaity fusible bonding fibers are employed, the fiber web preferably comprises 30 to 99 parts by weight 
5 of the hydrophilic fibers and 1 to SO parts by weight of the thermally fusible bonding fibers per 100 parts by weight of 
the fiber web. Still preferably the fiber web comprises 50 to 97 parts by weight of the hydrophilic f toers and 3 to 30 parts 
by weight of the thermally fusitte bonding fibers per 100 parts by weight of the fiber web. 

The fiber web preferably comprises, for example, 1 to 1 0 parts by weight of vinyion fibers (polyvinyl alcohol fibers), 
and still preferably 2 to 5 parts tyy weight of vinyion fibers. The vinyion fibers are preferably those melting on exposure 
10 to moist heat. 

Alternatively, the f ber web preferably comprises, for example, 1 to 30 parts by weight of the thermally fusible bonding 
fibers having a core/sheath structure, still preferably 5 to 20 parts by weight of the thermally fusible bonding fibers. 
Examples of the thermally fusible bonding fibers having a core/sheath structure include synthetic f bers composed of a 
sheath made of a polyethylene-vinyl acetate resin, a polyethylene resin or a modified polyester resin having a melting 
15 point of 70** to 1 50°C or a moist heat-melting polyvinyl alcohol and a core made of a polypropylene resin or a polyester 
resin. 

When the strengthening assistant is employed, it is preferable that the fiber web comprises 30 to 1 00 parts by weight 
of the hydrophilic fibers. 0 to 50 parts by weight of other fibers, and 0.01 to 30 parts by weight of the strengthening 
assistant per 100 parts by weight of the fber web. It is still preferable that the fiber web comprises 50 to 100 parts by 

20 weight of the hydrophilic fibers. 0 to 20 parts by weight of other fibers, and 0.01 to 20 parts by weight of the strengthening 
assistant per 100 parts by weight of the fiber web. 

The fiber web preferably comprises, for example, 30 to 99 parts by weight of the bulky cellulose f toers, 1 to 70 parts 
by weight of wood pulp or nonwood pulp, and 0.0 1 to 30 parts by weight of the strengthening assistant per 1 00 parts by 
weight of the fiber web. Still preferably, the fber web comprises 50 to 95 parts by weight of the bulky cellulose fibers. 5 

25 to 50 parts by weight of wood pulp or nonwood pulp, and 0.01 to 20 parts by weight of the strengthening assistant per 
100 parts by weight of the fiber web. 

The superabsorbent polymer 16 which is contained in the first absorbent sheet 10 will be explained below. 
As shown in Fig. 1 A. the superabsortjent polymer 16 is contained in the inside of the first absorbent sheet 10 and 
dispersed in the spaces formed among fbers constituting the first absorbent sheet 10, In more detail, as shown in Rg. 

30 1 B. the superabsorbent polymer 16 is contained primarily in the fiber web 18, i.e.. contained primarily in the area from 
the interface between the fiber web 18 and the fber aggregate 15 to the inside of the fber web 18. and is preferatily 
dispersed in the spaces formed by the fibers constituting the fiber web 18. As a result, the superabsorbent polymer 16 
is securely fixed in the first absort>ent sheet, and gel blocking of the polymer is prevented. The term Ihe superabsorbent 
polymer is contained in the first absorbent sheet" as used herein does not mean to exclude existence of the superab- 

3S sorbent polymer on the surface of the first absorbent sheet. Existence of a trace amount of a superabsorbent polymer 
on the surface of the first absoibent sheet is unavoidably accompanied by the preferred process for producing the first 
at^orbent sheet hereinafter described, which is permitted in the present invention. Hence, the term means that most of 
the superabsorbent polymer exists in the inside of the first absorbent sheet. 

The superabsorbent polyrrier 16 sticks to the hydrophilic fibers constituting the first absorbent sheet 1 0, preferably 

40 to the hydrophilic i'lbers constituting the fber web 1 8. whereby fixation of the superabsoit>ent polymer 1 6 and gel blocking 
of the polymer are further suppressed. The superabsoit>ent polymer 16 mainly sticks to the hydrophilic fibers. However, 
it does not matter that the superabsorbent polymer 1 6 sticks to other fibers constituting the absorbent sheet, for example, 
thermally fusible bonding fibers. Further, not all the particles of the superat)Sorbent polymer 1 6 need to stick to the fibers. 
It is preferable that at least 50% by weight, particularly 70% by weight or more, of the total superabsorbent polymer 

45 should stick to the fibers. The method for sticking the siperabsorbent polymer 1 6 to the fbers will be described later. 

Inthe case where a superabsorbent polymer agglomerate comprising secondary particles made of spherical primary 
particles is used, not all the primary particles need to stick to the fibers. Only if part of the secondary particles stick to 
the fbers. the superabsorbent polymer can be fixed to the fbers. 

It is preferred for the superabsorbent polymer 16 not to be dispersed in the first absort>ent sheet 10 in a layer but 

so to be dispersed therein three^cfimensionally as illustrated in Fig. 1A and Fig. IB. In this case, a large quantity of the 
superabsorbent polymer can be dispersed. That is, in a conventional absorbent sheet with a superabsorbent polymer 
dispersed in a single layer (i.e., two-dimensionally), the amount of the superabsorbent polymer that can be spread is 
generally about 50 to 100 Q/rr? at the most. In the first absorbent sheet 10. to the contrary, since the superabsorbent 
polymer 16 can be dispersed three-dimensionalty. the upper limit of the amount of the polymer to be spread can be 

55 raised to about 200 to 300 g/m^, thus increasing the amount of spread the superabsoit>ent polymer 16 about 3 times 
as much as the permissive amount in a conventional absort^ent sheet. As a result, the absorbent sheet 10 shows a 
marked inaease in liquid at>sorption. Further, the absorption performance inherent in the superabsorbent polymer 16 
can be manifested more effectively owing to the three-dimensionally dispersed system of the polymer. That is, with the 
anrx)unt of a superabsorbent polymer used being equal, the first absorbent sheet 10 exhbits improved absorption char- 
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acteristics and may have its thickness extremely reduced as compared with the conventional one. Adcfitionaily. since 
the amount of the superabsorbent polymer to be spread may be increased, the absort>errt sheet can be suitably used 
as an absorbent member of disposable diapers, etc. which require a high absorption capacity. 

The superabsorbent polymer is spread in an amount of 5 to 3(X) g/m^, preferably 10 to 250 g/m^. Also, when the 

5 amount of the liquid to be absorbed is not too large, the amoum of the superabsort^ent polymer is preferably 20 to 70 
mg per 1 m^ of the absorbent sheet. H the amount Is less than 5 g/m^. the superabsorbent polymer lacks in absorptivity, 
failing to exercise sufficient functions. If it exceeds 300 g/m^. the adhesive strength between the fiber web and the fiber 
aggregate is reduced, and the superabsorbent polymer is liable to fall off. It is therefore pretended that the amount of the 
superabsorbent polymer to be spread falls within the above range. 

10 The superabsorbent polymer 1 6 is preferat>ly such that it can absorb and retain 20 or more times as much liquid as 
its own weight and is capable of gelation on absorption. The shape of the superabsorbent polymer 16 is not particularly 
limited and the superabsorbent polymer 16 may be in the form of sphere, aggregate, cluster, powder or fiber. Preferak)ly, 
the superabsorbent polymer is in the form of particle having a particle size of 1 to 1000 )im (still preferably 10 to 500 
fim). Such superabsorbent polymers include starch, crosslinked carboxymethyl cellulose, polymers or copolymers of 

IS acrylic acid or an alkali metal saltthereof. polyacrylic add and a saltthereof. and polyacrylate-grafted polymers. A sodium 
salt is referred as polyacrylate. Also useful for preference are copolymers prepared by oopolymerizing acrylic acid with 
comonomers, such as maleic acid, itaconic acid, acrylamide. 2-acrylamido-2-methylpropanesulfonic acid. 2-(meth)acry- 
loylethanesuHonic acid. 2-hydroxyethyl (meth)acrylate or styrenesuHonic acid, at a copdymerization ratio that would not 
impair the performances of superabsorbent polymers. 

20 The fiber aggregate 15 having the absorbent surface 12 in the first absorbem sheet 10 will be explained below. 

The term "absorbent surface" as used herein denotes the surface which is. in principle* the first to absorb liquid 
when the first absorbent sheet 1 0 absorbs liquid. In other words, in a prefenred embodiment of the first absorbent sheet 
10, liquid is primarily absorbed from the side of the fiber aggregate 15. 

The fiber aggregate does not contain the superabsorbent polymer on the side of the absorbent surface thereof. The 

25 term "not contain the absorbent polymer" as used herein does not mean that no superat)sorbent polymer is present at 
all on the side of the absort>ent surface. Existence of a trace amount of a superat>sorbent polymer on the absorbing side 
is unavoidably accompanied by the preferred process for producing the first absorbent sheet hereinafter described, 
which is permitted in the present invention . Hence, the term means that the absorbing side of the fiber aggregate contains 
substantially no superabsorbent polymer. 

30 The fiber aggregate can be obtained through mechanical or physical entanglement of fbers, heat fusion, and the 
like, and includes paper and nonwoven fabric. Paper which can be used as fiber aggregate includes paper prepared by 
wet paper making or crepe paper thereof, that is, the superabsorbent polymer is not present. Nonwoven fabric to be 
used includes various kinds, such as nonwoven fabric prepared by carding, spun bonded fabric, spun lace fabric, con- 
sisting mainly of synthetic cellulose fibers, such as rayon or cuprammonium rayon, or natural cellulose fibers, such as 

35 cotton. 

The fiber aggregate preferably contains hydrophilic fibers. The same hydrophilic fibers as used in the f ber web can 
be used. The hydrophilic fi>ers are preferably presem in an amount of 30 parts by weight or more, still preferably 50 to 
99 parts by weight, per 100 parts by weight of the fber aggregate. 

The fiber aggregate is preferably endowed with wet strength similarly to the fiber web; for the first absorbent sheet 

40 using the fiber aggregate endowed with wet strength can retain its shape stably after being wetted. The fiber aggregate 
preferably has a wet strength of 50 g or more, still preferably 100 g or more, as measured according to JiS-P-81 13. In 
order to provKte the fiber aggregate with such a wet strength, the above-mentioned thermally fusible bonding fibers, or 
the strengthening assistant are incorporated in the same manner as for the fiber web. Also, it is preferable to further 
incorporate wood pulp or nonwoven pulp which gives hydrogen bonding. The thermally fusible tending fibers are pref- 

45 erably added in an arriount of 1 to 50 parts by weight, still preferably 3 to 30 parts by weight, per 1 00 parts by weight of 
the fiber aggregate. The strengthening assistant is preferably used in an amount of 0.01 to 30 parts by weight, still 
preferably 0.02 to 20 parts by weight, per 100 parts by weight of the fber aggregate. 

It is particularly preferable that the fiber aggregate is comprised of the same formulation of the f toers and components 
constituting the above-m^oned fber web. 

50 It Is also prefened that the fber aggregate comprises nonwoven fabric, especially dry processed nonwoven fabric, 
for example nonwoven fabric obtained by carding. In particular, where the first absorbent sheet Is applied to absorbent 
articles having the structure shown in Figs. 16 and 17, in which the absorbent sheet also serves as a liquid permeable 
topsheet. use of nonwoven fabric made of synthetic f bers as a fber aggregate provides an absorbent article with a 
further improved feel of dryness. 

55 The fber aggregate preferably has a basis weight of 10 to 200 g/m^. still preferably 10 to 100 g/m^. If the basis 
weight is less than 10 g/m^. there is a fear of the swollen superabsorbent polymer's breaking out of the fber aggregate 
to fall off. If rt exceeds 200 g/m^. the fber aggregate has too high a density, making the absorbent sheet too hard. 
Accordingly, the basis weight of the fber aggregate preferably falls within the above range. 
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The fiber aggregate may be previously prepared prior to the preparation of the fiber web. or it may be prepared 
simultaneously with the fiber web in the production of the first absorbent sheet. 

In the first absorbent sheet, it is preferable that the f toer aggregate has a basis weight of 1 0 to 200 g/m^; the amount . 
of the spread superabsorbent polymer is 5 to 300 g/m^; and the fiber web has a basis weight of 10 to 200 g/m^. It is still 
5 preferable that the fiber aggregate has a basis weight of 10 to 100 g/m^; the amount of the spread superabsorbent 
polymer is 5 to 200 g/m^; and the fber web has a basis weight of 1 0 to 1 00 g/m^. 

The first absorbent sheet preferably has a total basis weight of 21 to 500 g/m^, nrx>re preferably 30 to 300 g/nf. still 
preferably 50 to 200 g/m^. 

The first absorbent sheet has preferably a fiber density of 0.1 g/cm^ or more, more preferably 0.1 to 0.4 g/cm^, still 
10 preferably 0.1 to 0.2 g/cm^. When the fber density falls within the above range, gel blocking of the superabsorbent 
polymer is suppressed more efficiently. The fiber density falling within the above range can be easily obtained by using 
hydrophilic bulky cellulose fibers (in particular, bulky cellulose f bers). 

A still preferred embodiment of the first absorbent sheet is an absorbent sheet which comprises a fiber structure 
comprising bul ky hydrophilic cellulose f bers and thermally fusible bonding fibers or a strengthening assistant, and super- 
is absorbent polymer particles. 

the superabsorbent polymer particles being not present on an absorbent surface of the absorbent sheet for 
absorbing the liquid but distributed inside and fixed to the fiber structure; and 

the absorbent sheet having a thickness of 0.3 to 1 .5 mm, and the superabsorbent polynfter being spread at an 
amount of 20 to 70 g per 1 m^ of the absorbent sheet. Such an absorbent sheet has a very small thickness. Further. 
20 the sheet hardly increases its thicfross even after absorbing Ik^uki v^en the quantity of absorbed Iquid is not too large. 
Accordingly, such an absorbent sheet, when used as an absorbent member in a sanitary napkin or the like, gives a 
feeling free from discomfort even after absorbing menstration blood when worn. 

When the absorbent sheet according to the present invention is used as an absorbent member of a sanitary napkin, 
in the absorbent sheet, 

25 the superabsorbent polymer is preferably spread at an amount of 1 0 to 1 00 g/nf , more preferably 20 to 70 g/m^: 

the basis weight of the fiber aggregate is preferably 10 to 80 g/m^, more preferably 1 5 to 50 g/m^; 
the basis weight of the fiber web is preferably 10 to 80 g/m^. more preferably 15 to 50 g/m^; and 
the thickness of the absort)ent sheet is preferably 0.3 to 1 .5 mm. 
On the other hand, when the absorbent sheet according to the present invention is used as an ab6ort>ent member 
30 for retaining a large amount of liquid, for example, an absorbent member of a disposable diaper in the absorbent sheet, 
the superabsorbent polymer is preferably spread at an amount of 50 to 300 g/m^, wore preferably 100to250g/m^; 
the basis weight of the fber aggregate is preferably 20 to 200 g/m^, more preferably 20 to 100 g/m^; 
the basis weight of the fiber web is preferably 20 to 200 g/m^, more preferably 20 to 100 g/m^; and 
the thickness of the ab80it>ent sheet is preferably 0.5 to 1 .5 mm. 
35 The thk:kness of the absorbent sheet can be made to be very small since the superabsorbent polymer is scattered 
in and adhered to the f bers and therefore the sheet exhibits an excellent absort)tng efficiency. In particular, it is preferred 
to use bulky cellulose fibers since the scattered state of the absorbent polymer is further enhanced. 

Additionally, the first absorbent sheet has a thickness of 0.3 to 1 .5 mm, preferably 0.5 to 1 .2 mm, under an applied 
load of 2.5 g/cm^. Thus, the first absorbent sheet has a very small thickness. Besides, increase in the thickness the 
40 sheet is small even after the sheet has absort>ed liquid. This is because, when the sheet absoitjs liquid, the absorbent 
polymer becomes large and the distances between the fibers increase, only to thereby increase the thickness of the 
absorbent sheet, and because the increase in thickness of the absorbent sheet is not caused resilient forces of the 
fibers as disclosed in USP No. 4.605,402 and USP No. 5.021.050. 

The thickness of the first absort)ent sheet is measured after the fiber aggregate 1 5 and the fber web 1 8 are formed 
45 into a unitary body. The thickness is smaller than the thickness obtained by measuring before they are formed into a 
unitary body The thermally f usble bonding fbers or the strengthening assistant also greatly contribute to the forming 
the unitary body. 

Also, in the first absorbent sheet, as described above, since the absort>ent polymer is scattered in and fixed to the 
fibers, and the absorbent sheet exhbits an excellent absorption efficiency, the thickness of absorbent menber can be 
so made very small. In particular, bulky cellulose fbers are preferably used since the scattered state of the absorbent 
polymer is further enhanced. Since the siperabsorbent polymer is in close contact with the fibers and the fiber aggregate 
15 and the fiber web 18. the liquid is smoothly transferred to the superabsorbent polymer. 

A process which can be preferably used for the production of the first absorbent sheet will be desait>ed below by 
refening to the drawings. Fig. 2 is a schematic view illustrating an apparatus which can be preferably used for the pro- 
55 duction of the first absorbent sheet of the present invention. 

Tbis process is one for preparing an absorbent sheet comprising at least hydrophilic fibers and thermally fusible 
bonding fibers or a strengthening assistant and a superabsort>ent polymer, and is characterized by oonprising the steps 
of 

spreading the superabsorbent polymer on a wet fiber web which is prepared by a wet process from an aqueous 
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slurry comprising at least hydrophillc fbers arri the thermally borxiing fibers or the strengthening assistant; 

overlaying thereon a fiber aggregate comprising the hydrophiiic fibers and the thermally fusible bonding fbers or 
the strengthening assistant; and 

drying a combination of the fiber web and the fiber aggregate to form a unitary body thereof. 

5 The process makes it possible to readily scatter the superabsorbent polymer in the inside of the absorbent sheet 
while keeping the polymer from being present on the absorbent surface of the absorbent sheet for absorbing liquid. Also, 
the process make it possible to readily adhere and fix the polymer to the hydrophillc fibers constituting the absorbent 
sheet. Further, it make it possible to easily make the thickness of the absorbent sheet very small, that is, 0.3 to 1 .5 mm. 
First of all. a f ber web comprising at least hydrophiiic fbers is formed. The method for forming the ftoer web is not 

10 particularly restricted. Either a dry paper making process or a wet paper making process can be used, with the latter 
being pretened. As hereinafter described, the fiber web on which the superabsorbent polymer is spread must be wet, 
and the fibers of the web should have an extremely high degree of freedom. A wet paper making method provides a 
fiber web as wet, saving lat>or for separately wetting a f ber web. Further, fibers of a fiber web obtained by a wet process 
are not sufficiently bound to each other before they are dried. A superabsorbent polymer spread over such a wet fiber 

15 web is readily embedded three-dimensionally in the spaces formed among fibers, thereby a large amount of the super- 
absorbent polymer can be spread. 

In carrying out wet paper making for preparing a fiber web. fiber web-forming fibers and components, preferably the 
above-descrbed hydrophiiicf ibers. and the thermally fusible bonding fibers, or the strengthening assistant, are dispersed 
in water in prescribed concentrations to prepare a slurry The concentrations of the hydrophiiic fbers. and thermally 

20 fusible bonding fbers, or the strengthening assistant in the slurry are selected from those used in general wet paper 
making. The proportions of the hydrophiiic fibers, and thermally fusible bonding fbers. a strengthening assistant or the 
like in the sluny are selected so that the resulting fiber web may have the above-mentioned composition. 

Over the thus obtained f ber web is spread the aforesaid superabsorbent polymer. The f ber web preferably has 
such wetness as containing about 20 to 500 parts by weight, still preferably 50 to 300 parts by weight of water per 100 

25 parts by weight of the fiber web on a dry basis. If the water content is less than 20 parts by weight, the spread super- 
absorbent polymer cannot absorb sufficient water to swell and to acquire stickiness, and therefore fixing of the super- 
absorbent polymer tends to be insufficient. If the water content exceeds 500 parts by weight, the superabsorbent polymer 
absort)s excessive water and tends to fail to dry up in the drying step hereinafter described. Accordingly, the water 
content of the wet f ber web preferably falls within the above range. 

30 The superBbsorbent polymer is spread over a wet fiber web, whereby the superabsorbent polymer absorbs water, 
assumes stickiness, and is embedded into the fibers constituting the fiber web. and adhered arvj fixed to the fbers. 
Since the fibers constituting the wet fiber web are not yet bound to each other and have freedom, the superabsorbent 
polymer can be dispersed therein three-dimensionally Accordingly, a larger amount of a superabsorbent polymer can 
be fixed stably than in conventional at>sorbent sheets. The superabsorbent polymer may be spread uniformly all over 

35 the wet fiber web or. if desired, may be spread partly in stripes parallel at certain intervals in the longitudinal direction 
or may be spread intermittently in the longitudinal direction. 

Then, the above-described fber aggregate is overlaid on the fiber web with the superabsort>ent polymer on. Since 
the fibers in the fiber web stiil have freedom at the time, the superabsorbent polymer are embedded deeper into the fiber 
web, and the fbers of the fiber web and those of the fiber aggregate are easily entangled with each other. 

40 The laminate of the fiber web and the fiber aggregate is subsequently dried, whereupon the fbers are entangled 
with each other, the actions of hydrogen bonds and heat fusion are added thereto, and the fiber web and the fiber 
aggregate are formed into a unitary body to provide the first absorbent sheet. The drying temperature preferably ranges 
from 100 to 180''C, still preferably from 105 to 150<'C. while varying depending on the kind of the fbers used. Through 
this step, the fiber web and the fber aggregate are formed into a unitary body, and the fbers constituting the fiber web 

45 are bound to each other into a sheet The drying means is not particularly limited and includes, for example, a Yankee 
dryer and an air-through dryer. 

in a particularly preferred embodiment, the first absorbent sheet is produced at a single step in an in-line system 
using a wet paper making machine. As shown in Fig. 2, the fiber web 18 is formed in a forming part 140 of a wet paper 
making machine and dehydrated in a suction dehydration step 142. The dehydration is carried out to the extent that a 

50 water content is 20 to 500 parts by weight per 1 00 parts by weight of the dry fber web. The superabsorbent polymer 1 6 
is spread over the fber web 18 immediatety before a press part 144. and the fiber aggregate 15 Is overlaid thereon 
concurrently The resulting laminate is carried on a conveyor 1 45 to a dryer 1 46, where ttie laminate is dried and fbmied 
into a unitary body The first absortsent sheet 10 can thus be produced at a high speed with ease. 

Usual paper making machines, such as a wire paper making machine and a cylinder paper making machine, can 

55 be used in tfie in-line system. As for other steps than the above, steps generally used in paper making can be adopted 
appropriately. 

While production of the first absorbent sheet of the present invention has been described with reference to its pre- 
ferred embocfiments, the process for producing the first absorbent sheet is by no means limited thereto. 
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The second and third absorbent sheets accorcfing to the present invention will be described In detail by referring to 
the drawings. Fig. 3 is a schematic cross section of the second absorbent sheet and Fig. 4 Is a schematic cross section 
of the third absorbent sheet, Figs. 3 and 4 corresponding to Fig.lB. 

While not giving particulars, tiie sanne explanation given to Fig. 1 A and Fig. 1 B applies to the coresponding parts 
5 of Figs. 3 and 4. The same reference numerals as used in Rg. 1 A and Fig. 1 B are also used for the same members in 
Rgs. 3 and 4. 

First of all. the second absorbent sheet will be described. As shown in Fig. 3. tiie second absorbent sheet 20 is an 
absorbent sheet containing at least a superabsoit)ent polymer, bulky cellulose fibers, and hydrophiiic fine fbers. The 
second absorbent sheet 20 comprises the ftoer aggregate 15 and the fiber web 18. The fiber aggregate 15 has the 

10 absorbent surface 1 2 and does not contain a superabsorbent polymer at the side of the absorbent surface 12. The fiber 
aggregate 15 predominantiy comprises bulky cellulose fibers 13 having a degree of fber roughness of 0.3 mgAn or more. 

As shown in Fig. 3. the fiber web 18 comprises a pemieable layer 17 predominantiy comprising the buiky cellulose 
fibers 13 having a degree of fiber roughness of 0.3 mg/m or more and a diffusing layer 19 being located adjacent to the 
permeable layer and comprising the bulky cellulose fbers 13 having a degree of fber roughness of 0.3 mg/m or more 

15 and hydrophiiic fine fibers 1 4. The fiber web 1 8 is kxiated adjacent to the fiber aggregate 1 5 at the perme^e layer 1 7 
thereof. 

As shown in Fig. 3, the fiber aggregate 15 and the fber web 18 are in a unitary body The superabsort»nt polymer 
16 is contained in tine second absorbent sheet 20. while sticking to the fibers constituting the second absort)ent sheet 20. 
Thus, ttie second absorbent sheet 20 is characterized by comprising the fiber aggregate 15 and tiie Iber web 18 
20 in an ultrathin unitary body, witii the superabso(t>ent polymer 16 contained tiierein. Such an ultratiiin unitary structure 
of the second absorbent sheet 20 is the same as in the first absorbent sheet. While not going into details, the explanatk»n 
made for the unitary structure of the first absorbent sheet applies appropriately to the second absort>ent Sheet. 
The permeable layer 17 and tiie diffusing layer 19 which constitute tiie fiber web 18 will be each described. 
First, tiie permeable layer 17 will be described. 
2S The permeable layer 17 predominantly comprises bulky cellulose fbers having a degree of fiber rou^ess of 0.3 
mg/m or more. The permeable layer 17 having such a structure is capable of stably securing spaces where liquid is 
temporarily absorbed and Is allowed to quickly pass therethrough. 

The permeable layer 1 7 preferably has a thidviess of 0. 1 to 1 .5 mm. If the thickness is less than 0. 1 mm. the liquid 
absorbing space for terrporary absorption would be small only to provide insufficient absorption performance. If tiie 
30 thickness exceeds 1 .5 mm, ak)sort>ed liquid is hardly transferred to the diffusing layer 19. Accordingly, tiie thickness 
preferably falls within the above range. A still preferred thickness of the permeable layer 1 7 is 0.2 to 0.7 mm. 

It is particularly preferred for the permeable layer 1 7 to give liquid a quick passage tiierethrough. More specifically, 
a passage of 1 0 g of a 85 wt% aqueous solution of glycerin is preferably accomplished within 50 seconds, sfill preferably 
5 to 40 seconds. A permeable layer requiring more tiian 50 seconds fbr that passage makes it difficult iar liquid to be 
35 transferred rapidly, and the \\qu\6 tends to be retained within the permeable layer 1 7 for a long time. The above<jescribed 
passage time is measured in accordance witii the following procedure with tiie apparatus shown in Fig. 25. 

First, the at)sorbent paper is cut into test pieces 340 having a size of 50 mm x 50 mm as shown in Fig. 25. Thereafter, 
as illustrated in Fig. 25, tiie test piece 340 is sandwiched and fixed between tiie ends of upper and lower glass pipes 
341 . 345 having an inner diameter of 35 mm. At this time, tiie test piece 340 is fixed from both sides wnth clips (not 
40 shown) via a silicone rubber 342 such that no liquDd would leak laterally during the measurement. As the test liquid, 10 
g of an 85 % by weight aqueous glycerol solution 343 is taken into a 1 0-ml beaker 344 and gentiy poured from the beaker 
344 into the upper glass pipe 341 . After tiie 85 % by weight aqueous glycerol solution 343 has been poured into the 
upper glass pipe 341 . the time taken for a porticm of tiie surface of the test piece 340, which portion corresponds to at 
least 50% of the opening area of the glass pqDe 341 , to appear Is measured. The time thus measured is taken as the 
45 passage time. 

The test liquid (i.e., tiie 85 % by weight aqueous glycerol solution) is prepared in tiie manner descrbed below. 

After mixing 85 g of glycerol (supplied by W^ Chemical Industries. Ltd.) witii 15 g of ion-exchanged water, 0.01 
g of Blue No. 1 for food (colorant supplied by Tokyo Kasei Kogyo K.K.) is added to the resulting nruxture inoider to color 
the test iKiuid in blue. 

so The permeable layer 1 7 preferably contains 50 to 98 parts by weight of bulky cellulose fbers having a degree of 

fiber roughness of 0.3 mg/m or more and 2 to 50 parts by weight of thermally fusible bonding fik)ers. If the proportion of 
the bulky cellulose fibers is less than 50 parts by weight, or if ttiat of the tiiermally fustole bonding fbers exceeds 50 
parts by weight, the permeable layer 1 7 tends to have reduced liquid permeability. If the proportion of the buSky cellulose 
fibers is more than 98 parts by weight, or if that of the thermally fusible tx)nding fibers is less than 2 parts by weight, 
55 sheeting of the permeable layer 17 tends to be (fifficult. Accordingly, the above ratio is preferred. Still preferably, the 
permeable layer 17 conprises 70 to 98 parts by weight of bulky cellulose fbers and 2 to 30 parts by weiQfht of thermally 
fusible bonding fbers. 

The diffusing layer 19 wNch constitutes the fiber web in combination with the permeable layer 1 7 Is descrbed below. 
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The diffusing layer 19 comprises bulky celiulose fibers having a degree of fiber roughness of 0.3 mg/m or more and 
hydrophilic fine fibers. The diffusing layer 19 having such a structure is capable of qui(^y diffusing liquid over a wide 
area. In particular, even when a large quantity of liquid is absorbed at a time, the diffusing layer 19 ab8ort>s the liquid 
rapidly and sufficientiy. 

5 The diffusing layer 19 preferably has a thickness of 0.2 to 2.0 mm. If the thickness is less than 0.2 mm. the spaces 
for diffusing liquid tends to be too small to exhibit sufficient diffusing performance. If the thickness exceeds 2.0 mm. 
liquid is i nterfered with smooth diffusion. Accordingly, the thickness preferably falls within the above range. A still preferred 
thickness of the diffusing layer 19 is 0.2 to 1 .5 mm. 

It is particularly preferred that the diffusing layer 19 c^ickly diffuses liquid over a wide area. To this effect, the diffusing 

10 layer 1 9 preferably has an absorption height after 1 miniite absorption of physiological saline by Klemm's Method of 50 
mm or more, and an absorption height after 10 minutes absorption of physiological saline by Klemm's Method of 100 
mm or more. At the absorption height by Klemm's Method is less than these levels, the diffusing layer 19 has poor liquid 
diffusibility. A still preferred absorption height after 1 minute absorption of physiological saline by Klemm's Method is 60 
to 120 mm and an absorption height after 10 minutes Sorption of physiological saline by Klemm's Method is 120 to 

1$ 300 mm. The absorption height by Klemm's Method is measured in accordance with the following procedure with the 
apparatus shown in Fig. 26. 

First, the absorbent paper is cut into test pieces 330 having a size of 300 mm x 20 mm as shown in Fig. 26. Thereafter, 
as illustrated in Fig. 26. the test piece 330 is hung from a support 331 , and the upper and lower ends of the test piece 
330 are fixed such that it might not be slack. Also, a physiological saline 333 serving as a test liquid is introduced to a 
20 depth of 40 mm in a rectangular vessel 332 having a size of 300 x 100 x 50 mm (length x width x depth), and the test 
piece 330 is immersed in the physiological saline 333. 

The height of the test liquid, which has been absortjed by the test piece 330, the height being taken from the surface 
of the test liquid, is measured 1 minute after the immersion of the test piece 330. Also, the height of the test liquid, which 
has been absorbed by the test piece 330, the height being taken from the surface of the test liquid, is measured 10 
2S minutes after the immersion of the test piece 30. 

For each of the absaption heights by Klemm's Method after 1 minute and after 10 minutes, the aforesaid test is 
repeated by using 1 0 test pieces, and a mean value of the 1 0 measured values is calculated. In this manner, the absorp- 
tion height by Klemm's Method h^ after 1 minute and the absorption height by Klemm's Method h^o a^ec 10 minutes are 
obtained. 

30 The diffusing layer 19 preferably comprises 20 to 80 parts by weight of bulky cellulose having a degree of fiber 
roughness of 0.3 mg/m or more. 20 to 80 parts by weight of hydrophilic fine fibers, and 0 to 30 parts by weight of thermally 
fusible bonding fibers, if the proportion of the bulky cellulose fibers is less than 20 parts by weight or if that of the 
hydrophilic fine fibers exceeds 80 parts by weight, a strong tension is exerted among fibers during preparation of the 
diffusing layer 19, especially in a wet process, to thereby reduce the liquid absorbing spaces, so that the substantial 

35 spaces for liquid diffusion tend to be reduced. If the proportion of the bulky cellulose fibers exceeds 80 parts by weight, 
or if that of the hydrophilic fine fibers is less than 20 parts by weight, the distance among fibers tends to become too 
large to exhibit sufficient liquid diffusion. Accordingly, the ratio of these materials preferably falls within the above range. 

Incorporation of up to 30 parts by weight of the thermally fusible bonding fibers is preferable to ensure stabilization 
of the fiber spaces while wet. It is particularly preferred that the diffusing layer 1 9 conrprises 30 to 70 parts by weight of 

40 the bulky cellulose fibers having a degree of fiber roughness of 0.3 mg/m or more. 30 to 70 parts by weight of the 
hydrophilic fine fibers, and 0 to 20 parts by weight of the themially fusible bonding fibers. 

The descriptions given to the bulky cellulose fibers and the thermally fusible bonding fibers which constitute the 
permeable layer 17 appropriately apply to those fibers to be used in the diffusing layer 19. The bulky cellulose fibers 
and the thermally fusible bonding fbers used in the diffusing layer 19 and those used in permeable layer may be of the 

45 same or different kinds, but are preferably of the same kinds. 

The hydrophilic fine fibers which constitutes the diffusing layer 19 include those having a hydrophilic surface and a 
large surface area. More specifically, it is preferable to use hydrophilic fine f it3ers having a degree of f ber roughness of 
less than 0.3 mg/m, still preferably less than 0.2 mg/nx particularly preferably 0.01 to 0.2 mg/m, and a degree of fiber 
roundness in the fiber aoss section of less than 0.5, stiS preferably 0. 1 to 0.4. The average f ber length of the hydrophilic 

so fine fibers Is not particularly limited but, in general, preferably ranges from 0.02 to 0.5 mm. 

Examples of the hydrophilic fine fibers include cellulose fibers, such as wood pulp, cotton, and rayon; and synthetic 
fibers having a hydrophilic group, such as acrylonitrite and polyvinyl alcohol. Preferred of them is wood pulp; for it is 
inexpensive, and its surface area can be varied by controlling beating conditions. Examples of the wood pulp includes 
fine fibers obtained by finely beating softwood kraftpulp, e.g., "Skeena Prime" produced by Skeena Cellulose Co., hard- 

55 wood kraft pulp "Prime Albert Aspen Hardwood" produced by Weyerhaeuser Paper Co.. and straw pulp. These 
hydrophilic fine fibers may be used either individually <»* as a mixture of two or nrare thereof. 

The superabsorbent polymer 16 which is contained in the second absorbent sheet 20 is then described. 
As shown in Fig. 3. the superabsorbent polymer 16 is contained in the inside of the second absorbent sheet 20. It 
is dispersed in the spaces formed among fibers constituting the second absabent sheet 20. In more detail, as shown 
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in Fig. 3, the superabsortent polymer 16 is mostly contained in the inside of the fiber web 18, I.e., contained primarily 
in the area from the interface between the fber web 18 and the fiber aggregate 15 to the inside of the fiber web 18, 
especially in the permeable layer 17, and is preferably dispersed in the spaces formed among fbers constituting the 
fiber web 18. 

5 The superabsorbent polymer 16 sticks to the fibers constituting the second absorbent sheet 20. preferably to the 
fibers constituting the fiber web 18. still preferably to the fibers constituting the permeable layer 1 7. 

As for other points concerning the superabsorbent polymer, for exanple. the dispersed state, the kind, the amount 
to be spread, and various physical properties, the con^esponding explanation made for the superabsorbent polymer used 
in the first absorbent sheet is appropriately applied. 

10 . There is a diffusion gradient in the second absorbent sheet 20 having the above-mentioned unitary structure. In 
detail, the absorbent surface 12 of the second absorbent sheet 20 has high liquid permeability so that iittie liquid renfiains 
on the absorbent surface 12. Passing through the permeable layer 17, the absorbed liquid rapidly reaches the super- 
absorbent polymer 16 and is diffused throughout the entire area of the second absorbent sheet 20, preferentially in the 
diffusing layer 19 having high diffusing properties. Thus, since the second absorbent sheet 20 combines a permeation 

15 function, a diffusion function, and a fixing function in its single structure, it can fix liquid In the superabsorbent polymer 
16 quickly and securely 

The tNrd absorbent sheet according to the present invention will be described below. 

As shown in Fig. 4, third absorbent sheet 30 conrprises at least a superabsorbent polymer, bulky cellulose fibers, 
and hydrophilic fine fibers. TTie third absorbent sheet 30 coniprises the fiber aggregate 15 and the fiber web 18. The 
20 fiber aggregate 1 5 has the at>soibent surface 1 2 and does not contain the superabsorbent polymer on the side of the 
absorbent surface 1 2. The fiber aggregate 1 5 comprises the permeable layer 1 7 mainly comprising the bulky cellulose 
fibers 13 having a degree of fiber roughness of 0.3 mg/m or wore and the diffusing layer 19 being located adjacent to 
the permeable layer 1 7 and corrprising the bulky cellulose fibers 13 having a degree of fiber roughness of 0.3 mg/m or 
more and the hydrophilic fine fibers 14. 
2S As shown in Fig. 4. the fiber web 1 8 predominantly conprising bulky cellulose fibers having a degree of fiber rough- 
ness of 0.3 mg/m or more. The fiber web 1 8 is located adjacent to the diffusing layer 19 of the fiber aggregate 15. 

As shown In Fig. 4, the fiber aggregate 15 and the fber web 18 are in a unitary body. The superabsorbent polymer 
16 is contained in third at>sort)ent sheet 30 and sticks to the fibers constituting third absorbent sheet 30. 

Similarly to the first absort)ent sheet 1 0, the third absorbent sheet 30 is characterized by its ultrathin unitary structure 
30 which comprises the fiber aggregate 1 5 and the fiber web 1 8 and contains the superabsorbent polymer 1 6 in the inside 
thereof. Such ultrathin unitary structure is the same as in the first absorbent sheet, and the explanation given to the 
unitary structure of the first absorbent sheet also applies to the third absorbent sheet. 

The superabsorbent polymer 16 contained in the third absorbent sheet 30 is desaibed below. 

Similarly to the first absort)ent sheet, the superabsorbent polymer 16 is contained in the third absorbent sheet 30 
35 as dispersed in the spaces formed among fibers constituting third absorbent sheet 30. In more detail, as shown in Rg. 
4, the superabsorbent polymer 16 is contained primarily in the fiber web 18. i.e., contained primarily in the area from 
the interface between the fiber web 18 and the fber aggregate 15 to the inside of the fber web 18. and is preferably 
dispersed in the spaces formed by the fibers constituting the fiber web 18. 

The superabsorbent polymer 16 sticks to the fbers constituting third absorbent sheet 30, preferat)ly to the fbers 
40 constituting the fiber web 1 8. 

The fiber aggregate 1 5 having the absorbent surface 1 2 in the third absorbent sheet is described below. 

The fiber aggregate 15 has an absorbent surface 12, and the fiber aggregate does not contain the superabsoibent 
polymer at the side of the absorbent surface 12. 

The fiber aggregate 15 comprises a permeable layer 17 predominantly comprising bulky cellulose fibers having a 
45 degree of fiber roughness of 0.3 mg/m or more and the diffusing layer 19. which adjoins the permeable layer 1 7. com- 
prising bulky cellulose fibers having a degree of fiber roughness of 0.3 mg/m or more and hydrophilic fine fibers. The 
surface of the permeable layer 17 corresponds to the absorbent surface 12. 

The diffusing layer 1 9 of the fiber aggregate 1 5 adjoins the fber web 1 8 as shown In Fig. 4. 

For the details of the permeable layer 17 and the diffusing layer 19 which compose the fiber aggregate 15. the 
so corresponding explanation given to these layers of the second absorbent sheet 20 applies appropriately 

For details of the txilky celluk)se fibers and hydrophilic fibers constituting the permeable layer 1 7 and the diffusing 
layer 19. the corresponding explanation given to these fbers of the second absorbent sheet 20 applies appropriately. 

Similarly to the second absorbent sheet 20. the third absorbent sheet 30 exhibits gradation in liquid diffusion from 
the absort)ent surface 12 toward the inside. In more detail, the vk;inities of the absorbent surface 12. particularly the 
ss permeable layer 17 of third absorbent sheet 30 have high liquid permeability so that lk|ukl is rapidly transfenred to the 
diffusing layer 1 9. In the vkiinities of the superabsorbent polymer 1 6, the liquid is diffused throughout the entire area of 
the third absorbent sheet 30 and retained by the superabsort)ent polymer 16. Thus, similarly to the second absorbent 
sheet, third absort)ent sheet 30 combines a permeation function, a diffusion function, and a fixing function in its single 
structure, it can fix liquid in the superabsorbent polymer 16 quiddy and securely. 
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A process which can be preferably used for the production of the second and third absorbent sheets will be described 
below by referring to the drawings. Fig. 5 is a schematic view illustrating an apparatus which can be preferably used for 
the production of the second absorbent sheet of the present invention, which corresponds to Fig. 2. While not particularly 
mentioned, the explanation given to Fig. 2 applies to the corresponcfing members of Rg. 5. The same reference numerals 
5 as used in Fig. 2 are used for the same members of Fig. 5. 

The process for producing the second absorbent sheet corrprises the steps of: 
spreading a superabsorbent polymer over a permeable layer in a wet fiber web, which comprises the permeable 
layer predominantly comprising bulky cellulose fibers having a degree of fiber roughness of 0.3 mg/m or more and a 
diffusing layer being located adjacent to the permeable layer and comprising bulky cellulose fibers having a degree of 
10 fiber roughness of 0.3 mg/m or more and hydrophilic fine fibers; 

overlaying on the fiber web a fiber aggregate which predominantly comprises bulky cellulose fibers having a 
degree of fiber roughness of 0.3 mg/m or nnore; and 

drying a combination of the fiber web and the fiber aggregate and forming a unitary body thereof. 
Gtoing into details, the combined formation of the permeable layer and the diffusing layer can be carried out as 
J5 follows. As shown in Fig. 5, the diffusing layer 19 is formed in the first forming part 130 to which a first aqueous slurry 
of bulky cellulose fibers having a degree of fiber roughness of 0.3 mg/m or more and hydrophilic fine fibers, etc. is 
supplied. A permeable layer 1 7 is then formed on the diffusing layer 1 9 in the second forming part 1 32 to which a second 
aqueous slurry of bulky cellulose fibers having a degree of fiber roughness of 0.3 mg/m or more, etc. is supplied, whereby 
the fiber web 18 comprising the diffusing layer 19 and the permeable layer 1 7 is formed on the wire 134. The concen- 
20 trations of the fibrous material in the first and second slurries are selected from the ranges generally used in wet paper 
nrtaking. The proportions of the fibrous materials in each slurry are decided so that the resulting diffusing layer and 
permeable layer may have the above-described compositions. 

The steps following the formation of the fiber web 18 are the same as those in the preferred process for producing 
the first absorbent sheet. The corresponding explanation made for the preferred process for producing the first absoibent 
25 sheet applies thereto. 

There is thus obtained the second absorbent sheet according to the present invention. 
A process which can preferably be used for the production of the third absorbent sheet comprises the steps of: 
spreading a superabsorbent polymer over a wet fiber web which predominantly comprises bulky cellulose fibers 
having a degree of fiber roughness of 0.3 mg/m or nrK>re; 
30 overlaying on the fiber web a fiber aggregate, which comprises a permeable layer predominantly comprising bulky 

cellulose fibers having a degree of fiber roughness of 0.3 mg/m or more and a diffusing layer being located adjacent to 
the permeable layer and comprising bulky cellulose fibers having a degree of fiber roughness of 0.3 mg/rn or nrx)re and 
hydrophilic fine f bers, in such a manner that the fiber web is in contact with the diffusing layer; and 

drying a combination of the fiber web and the fiber aggregate and forming a unitary body thereof, 
as The prefen-ed process for producing the third absorbent sheet is substantially the same as the preferred process 
for producing the first absorbent sheet, and the third absorisertf sheet can be produced by using the apparatus shown 
in Fig. 2. which is preferably used for the production of the first absorbent sheet. The difference consists in that fiber 
aggregate comprising permeable layer predominantly comprising bulky cellulose fibers and the diffusing layer 1 9 being 
located adjacent to the permeable layer and conprising bulky cellulose fibers and hydrophilic fine f bers is overlaid on 
40 the surface of the fiber web 18, on which the superabsorbent polymer 16 has been spread, in such a manner that the 
fiber web 1 8 is brought into contact with the diffusing layer 19. In this case, the ftoer aggregate 1 5 previously prepared 
by combined paper making may be unwound, or it may be prepared concurrently with the preparation of the fiber web 1 8. 

The fourth and fifth absort>ent sheets according to the present invention will be described in detail by referring to 
the drawings. Fig. 6 is a schematic cross section of the fourth absorbent sheet, and Fig. 7 is a schematic cross section 
45 of the fifth absorbent sheet. Figs. 6 and 7 corresponding to Fig. 1 B. 

While not giving particulars, the same explanation as givai to Fig. 1A and Fig. 1B applies to the con-esponding 
points of Figs, 6 and 7. The same reference numerals as used in Rg. 1 A Fig. 1 B and are also used for the same members 
in Figs. 6 and 7. 

First, the fourth absorbent sheet will be described. 
sc As shown in Fig. 6. the fourth absort)ent sheet 40 contains at least a superabsort>ent polymer, bulky cellulose f bers. 
and hydrophilic fine fibers or hydrophilic fine particles (hereinafter sometimes inclusively referred to as hydrophilic fine 
ftoers or particles). The fourth absorbent sheet 40 comprises the fber aggregate 15 and the fiber web 18. The fiber 
aggregate 1 5 has the absorbent surface 1 2 and does not contain the superabsorbent polymer at the side of the absorbent 
surface 1 2 . The fiber aggregate 1 5 predominantly comprises bulky cellulose fibers 1 3 having a degree of fber roughness 
55 of 0.3 mg/m or more. 

As shown in Fig. 6. the fber web 18 contains bulky cellutose fbers having an average fber length of 1 to 20 mm 
and a degree of fber roughness of 0.3 mg/hi or more, and hydrophilic fine fibers having an average fiber length of 0.02 
to 0.5 mm. The proportion of the hydrophilic fine fbers in one side of the fiber web 18 is higher than that in the other 
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side, and the fiber web 1 8 is in contact with the fiber aggregate 1 5 at the side having a lower proportion of the hydrophilic 
fine f bers. 

As shown in Fig. 6. the fiber aggregate 15 and the ftoer web 18 are in a unitary body. The superabsorbent polymer 
16 is contained in the fourth absorbent sheet 40, while sticking to the fibers constituting fourth absorbent sheet. 

5 The fourth absorb>ent sheet 40 is characterized by its uttrathin unitary structure which comprises the fiber aggregate 
15 and the fber web 18 and contains the superabsorbent polymer 16 in the inside thereof. Such an ultrathin unitary 
structure is the same as in the first absorbent sheet, and the explanation given to the unitary structure of the first absorbent 
sheet also applies to the fourth absort}ent sheet. 

Entering into the details, the fiber w^ 1 8 comprises bulky cellulose fibers having an average fiber length of 1 to 20 

10 mm and a degree of f ifc>er roughness of 0.3 mg/m or more, and hydrophilic fine fibers having an average fiber length of 
0.02 to 0.5 mm. The proportion of the hydrophilk: fine fibers or particles is higher in one side of the fber web than in the 
other skie. The side having a lower proportion of the hydrophilic fine fibers exhibits excellent performance in terms of 
rate of lk]uid absorption and local Ikiuid absorptivity and also excellent liquid permeability On the other hand, the skfe 
having a higher proportion of the hydrophilic fine fibers has excellent liquid diffusing properties because the hydrophilic 

15 fine fbers have a large surface area, so that it quickly diffuses the liquid having passed through the side having a lower 
proportion of the hydrophilic fine fibers or particles. Thus, the fiber web 18 combines a liquid permeation function and 
a liquid diffusing function in spite of its single structure. As described above, the fiber web 18 is in contact with the fiber 
aggregate 15 at the side having a lower proportion of the hydrophilic fine fbers. 

For the sake of convenience, the skie having a lower prc^rtion of the hydrophilic fine fibers will hereinafter referred 

20 to as first skle. while the other skie having a higher proportbn of the hydrophilic fine fibers as second skle. 

As shown in Fig. 6. since the area including the first side and its vicinities consists mainly of bulky cellulose fibers, 
it has a function of quickly absorbing liquid and quickly transferring the liquid to the second skle. That is, this area serves 
primarily as a "permeable layer". On the other hand, since the area including the second side and its vicinities predom- 
inantly comprises the hydrophilic fine fbers, it has a function of quickly diffusing the iquid having permeated through 

25 the first side. That is, this area serves primarily as a "diffusing layer". Thus, the fiber web 18 in the fourth absorbent 
sheet IS characterised by combining a permeable layer and a diffusing layer in its single structure. As a result the fourth 
absorbent sheet has high liquid absorbing properties and yet affords a dry feel after liquki absorption. 

As mentioned above, there is a great difference in liquid diffusing properties between the first and second sides of 
the ftoer web 18. That is. liquid is rapklly diffused in the second side (i.e., diffusing layer) which predominantly comprises 

3D hydrophilic fine f it>ers. whereas Ik^ukl is absorised and permeated rapkfly but is not so quick as to be diffused in the first 
SKiB (permeable layer) which predominantly comprises the bulky cellulose fibers. In other words, the fiber web 18 has 
a liquid diffusion gradient in its thickness direction. 

The increase of the proportion of the hydrophilic fine fibers from the first skie to the second side in the fiber web 1 8 
may be either continuous or discontinuous (in steps) at a certain depth. 

35 On the other hand, the bulky cellubse fibers may be uniformly distributed in the tiiickness direction of the fiber web 
18. but is preferably present in the first st6e in a higher proportion than in the second skie of the fourth absorisent sheet. 
That is, the proportion of the bulky cellutose fibers preferably has a gradient in tiie thickness direction of the fiber web 
18. The increase of the proportion of the bulky cellulose fbers from the second side to the first skle may be either 
continuous or in steps at a certain depth. 

40 In greater detail, in a preferred mode of gradation, about 5 to 70% by weight, still preferably about 10 to 50% by 
waght of the total hydrophilic fine fibers or particles are present in the area from the surface of the second side to about 
1 /3 the thk:kness of the fber web 1 8 to form the above-mentioned diffusing layer predominantly comprising the hydrophilic 
fine fbers. 

It is preferable, on the otiier hand, that about 60 to 100% by weight, still preferably about 70 to 97% by weight, of 
45 the total bulky cellulose fibers be present in the area from the first side to about 2/3 the thickness of the fber web 1 8 to 
form the above-mentioned permeable layer predominantly comprising the bulky cellulose fibers. 

The proportions of the bulky cellulose fibers and the hydrophilic fine fbers or particles in the fiber web 18 are not 
partioulariy limited. It is prefen'ed that the bulky cellulose fibers are preferably present in an amount of 50 to 97 parts by 
woght. still preferably 70 to 95 parts by weight, per 100 parts by weight of tiie fber web. If the proportion of the bull^ 
50 cellulose fbers is less than 50 parts by weight, the resulting web has insufficient bulkiness in its netwak structure and 
tends to fail to combine a permeation function and a diffusing function. If the proportion exceeds 97 parts by weight, the 
proportion of the hydrophilic fine fibers is low for obtaining sufficient diffusing properties. Accordingly, the proportion of 
the bulky cellulose fibers preferably fails within the above range. 

The hydrophilic fine fibers are preferably present in an amount of 3 to 50 parts by weight, still preferably 5 to 30 
55 parts by weight, per 100 parts by weight of the fber web. If the proportion of the hydrophilic fine fbers is less than 3 
parts by weight, the fiber web has insuffkaent diffusing properties. If it exceeds 50 parts by weight, the proportion of the 
fine fibers in the first skie of the fber web becomes large only to have insufficient lk|uki permeability. Accordingly, the 
proportion of ttie hydrophilic fine fbers preferably falls within the above range. 
Next, the bulky cellulose fibers will be described. 
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Any kind of cellulose fibers selected from the bulky cellulose fibers desaibed with reference to the first absorbent 
sheet can be used as far as the fibers have an average fiber tength of 1 to 20 mm and a degree of fiber roughness of 
0.3 rngfrn or more, and the fibers are bulky. If the average fiber length is less than 1 mm, a bulky network structure cannot 
be formed. Besides, the hydrophilic fine fibers cannot pass through the bulky network structure as hereinafter described. 
5 If the average fiber length is longer than 20 mm. the fibers have poor dispersibility in water, failing to provide a uniform 
network structure. The bulky cellulose fisers preferably have an average ftoer length of 2 to 10 mm, still preferably 2 to 
5 ftvn. 

Next, the above-mentioned hydrophilic fine fibers will be described. 

The hydrophilic fine fibers have a hydrophilic surface and an average fiber length of 0.02 to 0.5 mm, preferably 0.1 
10 to 0.3 mm. tf the average fiber length is less than 0.02 mm. such fine fibers would pass through a paper making wire 

and cannot be accumulated on the wire when the fiber web is prepared by the pretended process hereinafter described. 

If the average fiber length exceeds 0.5 mm. such fibers cannot pass through the network structure made up of the bulky 

cellulose fibers and cannot be accumulated on the wire when the fiber web is prepared by the preferred process for 

producing the fiber web hereinafter described. 
75 As far as the above requirements are met, the hydrophilic fine fbers are not particularly limited. For example, in 

addition to the hydrophilic fine fibers as used in the second and the third absorbent sheets, inorganic fibers such as 

kaolin, bentonite and hydrotalcKe. These hydrophilic fine fibers may be used either individually or as a mixture of two or 

more thereof. 

Commercially available hydrophilic fine fibers can be made use of. Among useful commercial products is Tulp 
20 Flock", a product of Sanyo-Kbkusaku Pulp Co.. Ltd.. which is prepared by beating wood pulp, such as softwood pulp or 
hardwood pulp, mechanically grinding the beaten pulp, followed by classifying using a sieve having 0.5 mm or smaller 
openings. Also included are fine cellulose fibers obtained by mechanically grinding cellulose fibers, such as wood pulp, 
hydrolyzing with an acid, and further mechanically grinding (e.g., "KG Rock" produced by Sanyo-Kbkusaku Pulp Co., 
lid. and "Avice!" produced by Asahi Chemical Industry Co., Ltd.). Commercially available inorganic fine fibers include 
25 water-containing magnesium silicate fibers (e.g.. "Eight Plus ML-30" produced by Mizusawa Kagaku Kbgyo K.K.). Of 
these commercial products, fine cellulose fibers obtained by finely grinding pulp are preferred for their inexpensiveness. 
The superabsorbent polymer 16 which is contained in the fourth absorbent polymer 40 is now explained. 
As shown in Fig. 6. the superabsorbent polymer 16 is contained in the fourth absorbent sheet 40 and dispersed in 
the spaces formed among the fibers constituting the fourth absorbent sheet 40 similarly to the Superabsorbent polymer 
30 16 in the first absorbent sheet 10. In more detail, as shown in Fig. 3, the superabsorbent polymer 16 is mostly present 
in the inside of the fiber web 18. i.e.. contained primarily in the area from the interface between the fit>er web 18 and the 
fber aggregate 15 to the inside of the fiber web 18. and is preferably dispersed in the spaces formed among the fibers 
constituting the fiber web 1 8 as shown in Fig. 6. 

The superabsort>ent polymer 16 sticks to the fibers constituting the fourth absorbent sheet 40, preferably to the 
35 fibers constituting the fiber web 1 8. 

As for other particulars concerning the superabsorbent polymer 16. for example, the dispersed state, the kind, the 
amount to be spread, and various physical properties, the corresponding explanation made for the superabsorberrt 
polymer 16 used in the first absorbent sheet 10 applies appropriately. 

In the fourth absorbent sheet 40 having the above-mentioned structure, there is a diffusion gradient in its single 
40 structure. In detail, the absorbent surface 12 of the fourth absorbent sheet 40 has high liquid permeability so that little 
lk|uid remains on the absorbent surface 12. Passing through the first side, the absorbed Ik^uid rapidly reaches the super- 
absorbent polymer 16 arKi is diffused throughout the entire area of the fourth absorbent sheet 40, preferentially in the 
second skle of the fiber web 18 having high diffusing properties. Thus, since the fourth absorbent sheet 40 combines a 
permeation function, a diffusion function, and a fixing function in its single structure, it can fix \k\M in the superabsorbent 
45 polymer 1 6 quickly and securely. 

Further, when fourth absorbent sheet absorbs a large quantity of liquid, the Ik^uid is quickly transferred to the super- 
absorbent polymer 16 and absorbed therein. Even if the lk)ud is too much to be completely retained by the superab- 
sorbent polymer 16, the liquid is diffused in the second side of the fiber web 18 and thus prevented from leaking. 
Accordingly, the fourth absorbent sheet 40 is especially effective where a targe quantity of liquid shouU be ab6ort>ed at 
so a time or where a superat)sorbent polymer having a low rate of liquid absorption is used. 
The fifth absorbent sheet according to the present inventk)n is now desaibed below. 

As shown in Fig. 7. the fifth absorbent sheet 50 contains at least a superabsorbent polymer, bulky cellulose fbers, 
and hydrophilic fine fibers. The fifth absorbent sheet 50 comprises the fiber aggregate 1 5 and the fiber web 1 8. The fiber 
aggregate 1 5 has the 8bsort)ent surface 1 2 and does not contain the superabsorbent polymer at the side of the absorbent 
55 surface 12. The fiber aggregate 15 comprises the bulky celluk)se fibers 13 having an average fiber length of 1 to 20 mm 
and a degree of fber roughness of 0.3 mg/m or more, and the hydrophilic fine fbers 14 having an average fber length 
of 0.02 to 0.5 mm. The proportion of the hydrophilic fine fibers in fber aggregate 1 5 is higher on one side thereof than 
on the other side. 
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As shown in Fig. 7. the fiber web 1 8 predominantly comprises the bulky cellulose fibers 1 3 having a degree of fiber 
roughness of 0.3 mg/m or more, and is located adjacent to the side of the fiber aggregate having a higher proportion of 
the hydrcphiiic fine fibers. 

Fbrttie sake of convenience, the side having a tower proportion of the hydrophilicfine fibers will hereinafter referred 
5 to as a first side, while the other side having a higher proportion of the hydrophilic fine fibers as a second side. 

As shown in Fig. 7, fiber aggregate and the fiber web 18 are in a unitary body Further, the superabsort>ent polymer 
16 is contained in the fifth absorbent sheet 50 and sticks to the fibers const'rtuttng the fifth absorbent sheet 50. 

Similarly to the first absorbent sheet, the fifth absorbent sheet 50 is characterized by its uttrathin unitary structure 
which comprises the fiber aggregate 1 5 and the fiber web 18 and contains the superabsorbent polymer 16 in the inside 
10 thereof. Such an uttrathin unitary structure is the same as in the first absorbent sheet, and the explanation given to the 
unitary structure of the first absorbent sheet also applies to the fifth absorbent sheet appropriately. 
The fiber web 18 in the fifth absorbent sheet 50 is described below. 

As mentioned above, the fiber web 18 predominantly comprises bulky cellulose fibers having a degree of fiber 
roughness of 0.3 mg/m or more, and adjoins the side of the fiber aggregate 1 5 havi ng a higher proportion of the hydrophi tic 
15 fine fibers, i.e.. the second side of the fiber aggregate 1 5. Use of the bulky cellulose fibers not only brings about further 
improvement on the dispersibility and the degree of fixing of the superabsorbent polymer 1 6 but makes it easier to control 
the drainage properties of the fiber web 1 8 in wet paper making. Further, bulky cellulose fibers form a bulky fiber web 
having a high void content so that the superabsorbent polymer 16 can be easily eni>edded, dispersed and fixed therein 
three-dimensionatly in the fiber web 18, and gel blocking of the superabsorbent polymer 1 6 can be suppressed. 
20 As for other undescribed particulars of the f iser web 1 8, the corresponding explanation given to the first absorbent 
sheet 10 applies appropriately 

The superat>sorbent polymer 16 which is contained in the inside of the fifth absorbent sheet 50 is explained. 

As shown in Fig. 7. the superabsorbent polymer 16 is contained in the Inside of the fifth absorbent sheet 50 and 
dispersed in the spaces formed among the fibers constituting the fifth absorbent sheet 50. similarly to the superabsorbent 
2S polymer 16 of the first absorbent sheet 1 0. In nx>re detail, as shown in Fig. 7, H is preferable that the superabsorbent 
polymer 16 be mostly contained in the fiber web 18. i.e.. contained primarily in the area from the interface between the 
fiber web 18 and the ftoer aggregate 15 to the inside of the fiber web 18. and cfispersed in the spaces formed among 
the fibers constituting the fiber web 18. 

The superabsorbent polymer 16 sticks to the fibers constituting the fifth absort>ent sheet 50. preferably to the fibers 
30 constituting the fiber web 1 8. 

As for other particulars concerning superabsorbent polymer 15, for exarrple, the dispersed state, the kirxl. the 
amount to be spread, and various physical properties, the corresponding explanation made for the superabsorbent 
polymer used in the first absorbent sheet applies appropriately. 

The fiber aggregate 15 having the absort>ent surface 12 in the fifth absorbent sheet 50 is deserved befow. 
35 The fiber aggregate 15 contains bulky cellulose fibers having an average fiber length of 1 to 20 mm and a degree 
of f it>er roughness of 0.3 mg/m or more, and hydrophilic fine f bers having an average fiber length of 0.02 to 0.5 mm. the 
proportion of the hydrophilic fine fibers being higher in one side of the fiber aggregate than in the other side. The side 
having a lower proportion of the hydrophilic fine fibers or particles (called a first side) con'esponds to the absorbent 
surface 12. 

40 The side having a higher proportion of the hydrophobic fine fibers (catted a second side) adjoins the fiber web 18 
as shown in Fig. 7. 

Thus, the fiber aggregate 15 has a gradient of proportion of the hydrophilic fine fibers in the thickness direction. The 
structure of the fiber aggregate 1 5 having such gradation is the same as that of fiber web of the fourth absorbent sheet 
40. Accordingly, the explanation made for the fiber web 18 of the fourth absorbent sheet 40 applies to the details, for 

45 example the structure, of the fiber aggregate 1 5 of the fifth absorbent sheet 50. With respect to the bulky cellulose fibers 
and the hydrophilic fine fibers which constitute the fiber aggregate 1 5. the corresponding explanation as to the fiber web 
18 of ihe fourth absorbent sheet 40 applies appropriately. 

As desaibed above, the fifth absorbent sheet 50 of the present invention predominantly comprises the f i3er aggre- 
gate 1 5. the fiber web 1 8. and the sup6rabsort>ent polymer 1 6. Preferred basis weights of these materials are the same 

so as those in the first absorfc)ent sheet, and the conresponding explanation made to the first absorbent sheet 1 0 applies 
appropriately. 

The details of the basis weight, thickness, etc. of fifth absorbent sheet are also the same as those of the first absorb- 
ent sheet 10. and the con'esponding explanation made for the first absorttent sheet 10 applies appropriately 

There is a diffusion gradient in the fifth absorbent sheet 50 having the above-mentioned structure. In detail, similarly 
55 to the fourth absorbent sheet 40, the fifth absort}ent sheet 50 exhibits gradation in liquid absorption from the absorbent 
surface 1 2 toward the inside (espedally in the fiber aggregate 1 5). That is, the vicinities of the absorbent surface 1 2 (first 
side) of the fifth absorbent sheet 50 form a bulky network made up predominantly of bulky cellulose f it>ers. Therefore 
this area has high liquid permeability, and liquid is quickly transferred to the inside of aggregate 15. The vidnities of the 
s cond side of the fiber aggregate 15 predominantly comprises the hydrophilic fine fibers tiaving a high surface area. 
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Therefae. the liquid having passed through the first side area is quickly diffused throughout the entire area of the fifth 
absorbent sheet 50 and fixed efficiently by the superabsoibent polymer 1 6. Thus, similarly to the fourth absorbent sheet, 
the fifth absorbent sheet 50 combines a permeation function, a diffusion function, and a fixing function in its single 
structure, and H can fix liquid in the superabsorbent polymer 16 quickly and securely. 

5 A process which can be preferably used for the production of the fourth and fifth absorbent sheets will be described 
below by referring to the drawings. Fig. 8 is a schematic view illustrating an apparatus which can be preferably used for 
the production of the fourth absorbent sheet of the present invention which corresponds to Fig. 2. While not particularly 
mentioned, the same explanation given to Fig. 2 applies appropriately to the oorresponding members of Fig. 8. The 
same reference numerals as used in Fig. 2 are used for the same members of Fig. 8. 

10 The prefened process for producing the fourth absorbent sheet comprises the steps of: 

spreading a superabsorbent polymer on a wet fiber web comprising bulky cellulose fibers having an average fiber 
length of 1 to 20 mm and a degree of fiber roughness of 0.3 mg/m or more, and hydrophilic fine fibers having an average 
fiber length of 0.02 to 0.5 mm, the proportion of the hydrophilic fine fibers being higher in one of the sides of the fiber 
web than in the other side, the spreading of the superabsort>ent polymer being in the side having a lower proportion of 

IS the hydrophilic fine fibers; 

overlaying on the fiber a fiber aggregate whk:h predominantly oorrprises bulky cellulose fbers having a degree 
of fiber roughness of 0.3 mg/m or more ; and 

drymg the combination of the fiber web and the fiber aggregate and forming a unitary body thereof. 
Going Into details, the fiber web can be prepared by a wet paper making process as follows. To begin with, both the 

20 bulky celfulose fibers and the hydrophobic fine fibers are dispersed in water to prepare a slun^y. The slurry is supplied 
to the forming part 140 and applied to paper maldng cylinder 136. When the slurry is supplied to the paper making 
cylinder 136, the water of the applied slurry is drained through the cylinder 136 thereby to form a wet fiber web 18 on 
the cylinder 136. As shown in Fig. 8. the bulky cellulose fbers form a bulky netwak structure over the entire thickness 
of the fiber web 18. On the other hand, the hydrophilic fine fibers in the slurry, which are finer than the bulky cellulose 

25 fibers, pass through the network structure together with water and accumulated on the cylinder 136. As a result, the 
hydrophilic fine f ilsers are distributed with a gradient in thickness direction of the fiber web 1 8. That is, the proportion of 
the fine fbers is higher in the side in contact with the cylinder 136 than in the olher side. 

Thus, according to the preferred process for producing the fber web 18, which utilizes a wet paper making process, 
the difference in size between the bulky cellulose f bers and the hydrophilic fine fibers is taken advantage of for providing 

30 a gradient in proportion of the hydrophilic fine fbers in the thickness direction of the fiber web 18. 

The wet fiber web 18 thus formed is taken up on the wire 1 34 with its sides turned over as shown in Fig. 8. The fiber 
web 18 is then taken up on the conveyor 145 with its sides turned over agaia and the superabsorbent polymer 16 is 
spread on the fiber web 18 while wet The surface on which the superabsort>ent polymer 16 is spread is on the side 
having a lower proportion of the hydrophilic fine f ibeis. i.e., the first side. 

3S While not particularly mentioned, the steps following the formation of the fiber web 1 8 are the same as those in the 
preferred process for producing the first absorbent sheet. The con'esponding e)93tanation made for the preferred process 
for producing the first alDSort>ent sheet appropriately applies. 

There is thus obtained the fourth absorbent sheet according to the present invention. 

A process which can preferably be used for the production of the fifth absorbent sheet comprises the steps of: 

40 spreading a superabsorbent polymer on a wet fiber web which predornnantly comprises bulky cellulose fibers 

having a degree of fiber roughness of 0.3 mg/m or more; 

overlaying thereon a fiber aggregate which oorrprises bulky cellulose fibers having an average fiber length of 1 
to 20 mm and a degree of f ber roughness of 0.3 mg/m or more, and hydrophilic fine fibers having an average fiber length 
of 0.02 to 0.5 mm, the proportion of the hydrophilic fine fibers being higher on one of the sides of the fiber aggregate 

45 than on the other side, in such a manner that the side of the fiber aggregate ha^nng a higher proportion of the hydrophilic 
fine fibers is brought into contact with the fiber web; and 

drying a combination of the fiber web and the fiber aggregate and formir^ a unitary body thereof. 
The preferred process for producing the fifth absorbent sheet is substantiaDy the same as the preferred process for 
producing the first absorbent sheet, and the fifth absortDent sheet can be produced by using the apparatus shown in Rg. 

so 2. which is preferably used for the production of the first absorbent sheet. The dSSterence consists in that the fiber aggre- 
gate 1 5 comprising the bulky cellulose fibers and hydrophilic fine fibers, the proportion of the hydrophilic fine f bers being 
higher in one side of the fiber aggregate than in the other side, is overlaid on the surface of the fiber web 18 on which 
the superabsorbent polymer 16 has been spread, n such a manner that the side of the fber aggregate 15 having a 
higher proportion of the hydrophilic fine fibers (i.e., the second side) is brought into contact with the fber web 18. 

55 In this case, the fiber aggregate 1 5 may previously be prepared by a wet paper making process taking advantage 
of the difference in size between the bulky cellulose fbers and the hydrophilic fine fibers (the same as the preferred 
process for preparing the fiber web 18 of the foifflh absorbent sheet 40), and a roll of the previously prepared fiber 
aggregate ntay be unwound for overlaying. Alternatively, the fiber aggregate 15 may be prepared concun-ently with the 
preparation of the fiber web 1 8. For the details of the preparation of the fiber aggregate 1 5 by a wet paper making process 
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taking advantage of the difference in size between the bulky ceitulose fibers and the hydrophilic fine fibers or particles, 
the explanation given to the preferred process for preparing the fber web 18 of the fourth absort>ent sheet 40 can be 
applied appropriately. 

The sixth absorbent sheet according to the present invention will be descn*bed in detail by referring to the drawing. 
5 Fig. 9 is a schematic cross section of the sixth absorbent sheet, which corresponds to Fig. 1 B. 

While not giving particulars, the same explanation as given to Fig. 1A and Fig. IB applies to the corresponding 
points of Fig. 9. The same reference numerals as used in Fig. 1 A and Fig. 1 B are also used for the same ment>ers in Fig. 9. 

As shown in Ftg. 9. the sixth absorbent sheet 60 contains at least the superabsort>ent polymer 1 6. the bulky cellulose 
fibers 1 3, and hydrophilic fine fibers or particles 1 4, in which the sixth absorbent sheet 60 comprises the fiber aggregate 
10 1 5 and the fiber web 1 8. The fber aggregate 1 5 has the absorbent surface 1 2, and does not contain the superabsorbent 
polymer at the side of the absorbent surface 12. The fiber aggregate 15 predorrenantly comprises the bulky cellulose 
fibers 13. 

The fiber web 18 predominantly comprises the bulky cellulose fibers 13 as shown in Fig. 9. 
Also, as shown in Fig. 9, the fiber aggregate 1 5 and the fiber web 1 8 form a unitary body as shown in Fig. 9. The 
IS superabsorbent pdymer 16 is contained in the sixth absorbent sheet 60, while sticking to the fibers constituting the sixth 
absorbent sheet 60. 

As shown in Fig. 9. the above-mentioned hydrophilic fine fibers or partides 14 are contained mainly in the area 
where the superabsorbent polymer 16 is present, so that a layer made up of hydrophilic fine fibers or particles 14 is 
formed around the superabsorbent polymer 1 6. 

20 Thus, the sixth absorbent sheet 60 is characterized by its ultrathin unitary structure which consists of the fiber 
aggregate 1 5 arxl the fiber web 1 8 and contains the superat}sorbent polymer 1 6 in the inside thereof, in which hydrophilic 
fine fibers or particles 14 are contained mainly in the area where the superabsorbent polymer 16 is present. Such an 
ultrathin unitary structure is the same as in the first absorbent sheet, and the explanation given to the unitary structure 
of the first absorbent sheet also applies to the sixth absorbent sheet. 

25 Next, the superabsorbent polymer 16 contained In the sixth absorbent sheet 6 is described below. 

As shown in Rg. 9, the superabsort)ent polymer 16 is contained in the sixth absorbent sheet 60 and dispersed in 
the spaces formed among thef ibers constituting the sixth absorbent sheet 60. In more detail, the superabsorbent polymer 
16 is preferably contained mainly in the fiber web 18 hereinafter described and dispersed in the spaces formed anrx>ng 
the f lt>ers constituting the fber web 1 8 as shown in Fig. 9. 

30 The superabsorbent polymer 1 6 sticks to the fibers constituting the sixth absorbent sheet 60, preferably to the fibers 
constituting the fber web 18. As for undescribed other particulars concerning the superabsorbent polymer, for example, 
the dispersed state, the kind, the amount to be spread, and various physical properties, the corresponding explanation 
made for the superabsorbent polymer used in the first atisorbent sheet applies appropriately. 

Next, the hydrophilic fine fibers or particles 14 contained mainly in the area where the superabsorbent polymer is 

35 present. 

As Shown in Fig. 9, hydrophilic fine fibers or particles 1 4 are contained mainly in the area where the superat>sorbent 
polymer 1 6 is present, forming a layer different from the fber web 1 8. The hydrophilic fine fibers or particles 1 4 having 
a large surface area exhibit improved liquid diffusing performance through capillary action, thereby affording improved 
Iquki diffusion in the vicinities of the interfaces among the superabsorbent polymer 1 6. In addition, since hydrophilic fine 
40 fibers or particles 14 are present among the superabsorbent polymer, gel blocking of the superabsorbent polymer 16 
having absorbed liquid and been swollen with the liqukl can be prevented effectively. 

The hydrophilic fine f bers or particles are preferably used in an amount of 1 to 300 g/m^, more preferably 5 to 200 
g/m^. still preferably 5 to 150 g/m^. If the amount of the hydrophilic fine fibers or particles is less than 1 g/m^. there is a 
tendency that liquid cannot be effectively diffused in the vicinities of the superabsorbent polymer, or ge! t>locking of the 
45 superabsorbent polymer cannot be effectively prevented. If the anrtount exceeds 300 g/mr^, the density of the fine fibers 
or particles in the vicinities of the superabsorbent polymer is too high, tending to reduce the properties of transferring 
liqukl to the superabsorbent polymer or tending to make the absorbent sheet hard. Accordingly, the basis weight of the 
fine fibers or parfides preferably falls within the above range. 

The hydrophOicf ine f bers or particles preferably havea degree of fiber roughness of less than 0. 1 mg/m. or preferably 
so have a degree of fber roughness of less than 0.3 mg/m and a degree of fiber roundness in the fber cross section of 
0.01 to 0.5. Hydrophilicf ine fibers or particles having such physical properties are preferred for their large specific surface 
area. 

It is also desirat)le for the hydrophilic fine f bers or partides to have an average fiber length or an average partide 
diameter of 0.02 to 0.5 mm for increasing the specific surface area. It is still pretended that the average fiber length or 
ss partide dianrmter is 0.1 to 0.3 mm. 

The hydropKlic fine fibers or partides are preferably subjected to crosslinking treatment. Since crosslinked fine 
fibers or partk:les are inhbited from absorbing liquki and swelling, they do not change the distance among themselves 
ev n when wetted and therefore do not reduce the properties of transfenring the lk|uid. Further, the crosslinked cellulose 
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fine fibers or particles, when spread in a large quantity, do not have too a high density. Examples of such fine fibers or 

fine particles include, for example, crosslinked cellulose fibers, cellulose particles and hydrophilic synthetic fibers. 
Specific examples of the above-described hydrophilic fine fibers include those used in the fourth and fifth absorbent 

sheets. Examples of the hydrophilic fine particles indude those made of cellulose particles, such as pulp, cotton, and 
5 rayon; and inorganic particles, such as kaolin, bentonite. and hydrotalcite. These hydrophilic fine fibers or particles may 

be used either individually or as a mixture of two or more thereof. A mixture of the hydrophilicfine fibers and the hydrophilic 

fine particles may also be used. 

In the sixth absorbent sheet 60 having the above-mentioned structure, there is a diffusion gradient in its single 

structure . In detail, since the side of the absorbent surface 12 of the sixth absorbent sheet 60 consists mainly of the 
10 bulky cellulose fibers, it has high liquid permeability so that little liquid remains on the absorbent surface 1 2. The absorbed 

liquid rapidly reaches the superabsorbent polymer 1 6 and particularly in the layer made up of highly diffusive hydrophilic 

fine fibers or particles (i.e.. in the area where ttie superabsorbent polymer is present), the performance of diffusing liquid 

is increased by the capillary actions of the hydrophilic fine fbers or the hydrophilic particles, thereby increasing tiie 

performance of diffusing the liquid near the interfaces between the superabsorbent polymers. The sixth absorbent sheet 
15 60 combines a permeation function, a diffusion function, and a fixing function in its single structure, it can fix liquid in 

the superabsorbent polymer 16 quickly and securely Besides, since there are the hydrophilic fine fibers or particles 

among individual superabsorbent polymer particles, gel blocking of the superabsorbent polymer is effectively prevented. 
A process which can be preferably used for the production of the sixth absorbent sheet will be described below by 

referring to the drawings. Fig. 10 is a schematic view illustrating an apparatus which can be preferably used for tiie 
20 production of the sixth absorbent sheet of the present invention. Fig. 1 1 is a schematic view illustrating another apparatus 

which can also be preferably used for the production of the sixth at)Sorbent sheet. Figs. 10 and 1 1 corespond to Fig. 

2. While not particularly mentioned, the same explanation given to Fig. 2 applies to the corresponding members of Figs. 

10 and 1 1 . The same reference numerals as used in Fig. 2 are used for the same members of Figs. 10 and 1 1 . 
The prefen-ed process for producing the sixth absorbent sheet comprises the steps of: 
25 Spreading superabsorbent polymer on a wet fiber web comprising at least bulky cellulose fibers, and spreading 

hydrophilic fine f toers or hydrophilic fine particles upon, or before or after spreading the superabsorbent polymer; 
overlaying a fiber aggregate on the fiber web; and 

drying a combination of the fiber web and the fiber aggregate and forming a unitary (xxjy thereof. 
The preferred process for producing the sixth absorbent sheet is substantially the same as the preferred process 
30 for producing the first absorbent sheet. The difference resides in that the hydrophilic fine fit>ers or particles are spread 
simultaneously witii, or before or after spreading the superabsorbent polymer. Thus, the hydrophilic fine fibers or particles 
are made to exist mainly in the area where the superabsorbent polymer exists ttiereby to form a layer of the hydrophilic 
fine f bers or particles. As a result, the liquid diffusibility in the vicinities of the interfaces of the superabsorbern polymer 
is improved and, at the same time, tiie effects of the superabsorbent polymer to fix ttie liquid are improved, and gel 
35 blocking of the superabsorbent polymer can be prevented effectively. 

The hydrophilic fine fibers or particles may be spread uniformly over the entire surface of the fiber web similarly to 
the superabsorbent polymer. If desired, they may be spread in stripes extending in tiie longitudinal direction of the fiber 
web at certain intervals, or may be spread intermittently in tiie longitudinal direction of tiie fiber web. They are preferably 
spread in tiie same manner as the superabsorbent polymer. 
40 The spreading of the superabsorbent polymer and the hydrophilic fine fibers or particles is described in detail with 
reference to Figs. 10 and 1 1 . 

Where spreading of hydrophilic fine fibers or particles 14 is followed by spreading of the superabsorbent polymer 
1 6, hydrophilic fine fibers or particles 1 4 are first spread on the fiber web 1 8 formed by wet paper making as shewn in 
Fig. 10. Immediately thereafter, the superabsorbent polymer 16 is spread thereon. The fiber aggregate 15 previously 
45 formed is then overlaki on the fiber web 18 on which hydrophilic fine fibers or particles 14 and tiie superabsorbent 
polymer 16 have been spread thereon. 

Where the superabsorbent polymer 16 and hydrophilic fine fibers or particles 14 are simultaneously spread, ttie 
superabsorbent polymer 16 and hydrophilic fine fibers or particles 14 are previously mixed uniformly at a prescribed 
mixing ratio, and the mixture is spread on tiie fber web 18 formed by wet paper making as shown in Fig. 1 1 . The fiber 
so aggregate 15 is then overlaid on the fiber web 18 having the mixture spread thereon. 

In Fig. 1 0. the order of spreading hydrophilic fine f bers or particles 1 4 and the superabsorbent polymer 1 6 may be 
reversed. 

In the absort>ent sheet according to the present invention, the fiber density of the absorbent sheet is higher in tiie 
vicinity of the superabsorbent polymer ttian in the absorbent surface for absorbing liquid, and therefore tiie performance 
55 of diffusing liquid ts enhanced in the vicinity of ttie superabsorbent polymer. Accordingly, unlike the conventional absorb* 
ent sheets, the absorbent sheet accading to the present invention needs neittier to be subjected to spreading of other 
fibers nor to be oombined with other composite papers for the purpose of complementing performance of diffusing liquid. 
The reason why tiie gradient of ttie fiber density is formed is considered to be as folbws. 
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That is, when the superabsorbent polymer is spread on the wet fit>er web, the superabsorbent polymer absorbs 
water to become sticky and sticks to the fibers. In this occasion, the fibers constituting the fiber web still have freedom, 
and therefore the fibers draw near to the superat>sorbent polymers having absorbed water and partially aggregate. After 
the following drying step, the distance between the fibers and the superabsorbent polymers further decreases, so that 
s the combination of the fiber web and the superabsorbent polymer is formed into a sheet in the state that the fibers 
aggregate around the superabsorbent polymer. 

Absorbent articles using the first to sixth absorbent sheets according to the present invention will then be illustrated. 

The absorbent article according to the present invention corrprises at least a liquid retentive absorbent member, 
and a liquid impermeable backsheet. which is characterized in that the absorbent member comprises any one of the 
10 first to sixth absorbent sheets. 

Preferred embodiments of the absorbent article of the present invention are explained by referring to the drawings, 
taking the embodiments of using the first absorbent sheet for an instance. 

First of alt, prefenred embodiments of the absorbent article of the present invention are explained by referring to 
Figs. 12 through 17. 

IS Fig. 12 is a schematic transverse section of a sanitary napkin as a first preferred embodiment of the absorbent 
article according to the present invention. Figs. 1 3 to 1 7 are each a schematic transverse section of a sanitary napkin 
according to other preferred embodiments of the absorbent article according to the present invention, which correspond 
to Fig. 2. 

Tlie sanitary napkin 100 shown in Fig. 12, as a first preferred embodiment of the absorbent article of the present 
so inventk)n, comprises a liquid permeable topsheet 1 . a liquid impermeable backsheet 3, and a liquki retentive absorbent 
member 2 interposed between the topsheet 1 and the backsheet 3. 

In detail, the sanitary napkin 100 has a substantially rectangular shape. The napkin 100 is applied to the body with 
the topsheet 1 in contact with the skin, and the backsheet 3 with underwear. 

Absorbent member 2 comprises the first absorbent sheet 10. a fluff pulp 2a. and an absorbent paper 2b which 
25 covers the first absorbent sheet 10 and the fluff pulp 2a. The backsheet 3 covers both the sides and the tx>ttom of the 
absorbent member 2. The topsheet 1 covers all the surfaces of the combination of the absorbent member 2 and the 
backsheet 3. 

Topsheet 1 is not particularly limrted as far as it allows liquid to pemieate into the absorbent member 2. Materials 
having an underwear-like touch are preferred. Such materials include thermoplastic woven cloth, nonwoven cloth and 

30 porous films. Porous films comprising pdyolefins, such as low-density polyethylene, are particularly preferred. 

The backsheet 3 is not particularly limited as far as it is lmpermeat)le to liquid. Materials having moisture permeability 
and an underwear-like touch are preferred. A moisture permeable and liquid impermeable backsheet can be obtained 
by, for example, meit-extruding a thermoplastic resin containing an organic or inorganic filler into a film through a T die 
or a circular die and uniaxially or biaxially stretching the extruded film. 

35 On the si6e to be brought into contact with undenA^r are provkied with a pair of adhesive bands 4 along the 
longitudinal direction. Adhesive bands 4 are protected by a release paper 5 before use. In Fig. 12. reference numeral 6 
indicates joints at which the above-mentioned members are bonded together. Other undescribed particulars are the 
same as in conventional sanitary napkins. 

The characteristics of the at>sorbent article according to the first embodiment are explained below. 

40 The sanitary napkin 1 00 according to the first embodiment has a liquid retentive absorbent member 2 which includes 
the first absorbent sheet 1 0 containing at least the hydrophilic fine fibers and the thermally fusible bonding fibers or the 
strengthening assistant, and the superabsorbent polymer. 

The use of the first absorbent sheet provkiles an absorbent article which suffers neither fell-off of the superabsorbent 
polymer nor gel blocking of the superabsorbent polymer. Further, since the absorbent sheet combines functions of liquid 

45 absorption, permeation, diffusion and retention, there is no need to combine members having these functions separately 
as done in the conventional absorbent articles. Therefore, an exb-emely thin absorbent article which gives a comfortable 
feeling during tiie use can be obtained. The thickness of the at>sorbent article equals to the thickness of the absorbent 
sheet (0.3 to 0.5 mm) to which the thicknesses of the lk|uid permeable topsheet, the liquid impermeable backsheet (for 
exarrpie. 0.2 to 1 .0 mm) and other elements, if necessary, are added, and therefore the absor1:>ent article has an unex- 

so pected ultrathin thickness. 

By using an absort^nt sheet which comprises the super absorbent particles, and the fiber structure comprising the 
bulky hydrophilic bulky cellulose ftoers and the thermally fusible bonding fibers or the strengthening assistant, 

the superabsorbent polymer articles being not present on an absorbent surface of the absorbent sheet for absorb- 
ing the Ik^uid but distributed inskje and fixed to the fiber structure; and 

55 the absorbent sheet having a thickness of 0.3 to 1 .5 mm, and the superabsorbent polymer particle being spread 

at an amount of 20 to 70 g per 1 m^ of the absorbent sheet the thickness of the absorbent article, in particular, is made 
very small. Also, the absorbent article, during usage, does not give uncomfortable feeling even after, as well as before, 
the superabsorbent polymer absortDs liquid and swells. This is because the absorbent sheet itself has a very small 
tNckness and its thickness increases little even after the sheet absori^s liquid. 
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In the preferred embodiment shown in Fig. 12, liquid having passed through the topsheet 1 is absorbed into the 
inside of napkin 100. Then, liquid passes through the fluff pulp 2a and absorbed and retained in the superabsorbent 
polymer dispersed in the first absorbent sheet 10. The first absorbent sheet 10 is preferably set in such a manner that 
the fiber aggregate having an absorbent surface faces the side of the topsheet 1. whereby the liquid absorbed in fluff 

5 pulp 2a can be smoothly led to the inside of the first absorbent sheet 10. 

As has been explained, in the first absorbent sheet 10, the absorbent polymer Is securely fixed without impairing 
the absorption property inherent in the superabsorbent polymer. Accordingly, the sanitary napkin 100 containing the first 
absorbent sheet 10 has a high liquid retention capacity. Because the sanitary napkin 100 contains the fluff pulp 2a in 
addition to the first absorbent sheet 10. the liquid retention capacity is so much Increased. The absorbent article of this 

10 embodiment is suitable for a sanitary napkin for overnight use, which is worn for a long time. 

Second to sixth preferred embodiments of the absorbent article of the present invention are shown in Figs. 13 
through 17. While the particulars common to the first embodiment are not desaibed. the corresponding explanation 
given to the first embodiment applies thereto appropriately The same reference numerals as used in Fig. 12 are used 
for the same members of Figs. 13 to 17. 

75 In the second preferred embodiment of the absorbent article according to the present invention shown in Fig. 13. 
the absort)ent member of the sanitary napkin 100 consists solely of the first absorbent sheet 10. Both the sides and the 
bottom of the first absorbent sheet 10 are covered with the backsheet 3. All the surfaces of ttie combination of the first 
absorbent sheet 10 and the backsheet 3 are covered with the topsheet 1. Similarly to the first embodiment, the first 
absorbent sheet 10 is preferably set with the fiber aggregate thereof, which has an absoit>ent surface, facing the skSe 

20 of the topsheet 1. 

The sanitary napkin 100 of this type can be designed so as to have an extremely smalt thickness because it is 
composed of fewer members, each of which is thin. And yet it has a large liquid retention capacity despite its thinness 
because the superabsorbent polymer is securely fixed in the first afc>sorbent sheet 10 without impairing the absorption 
property inherent in the superabsorbent polymer. Therefore, this embodiment provides a sanitary napkin having a high 

25 liquid retention capacity with a comfortable feel. 

Accading to the third preferred embodiment shown in Fig. 14, the absorbent member of the sanitary napkin 100 
consists solely of first absort>ent sheet folded in C-shape. Both the sides and the bottom of the first absort)ent sheet 1 0 
are covered with the backsheet 3. and all the surfaces of the combination of the first absorbent sheet 1 0 and the backsheet 
3 are covered with the topsheet 1. In this embodiment, it is preferable to set the first absorbent sheet 10 folded in C- 

30 shape in such a manner that the fiber aggregate having an absorbent surface faces outside. 

The sanitary napkin 1 00 of the third embodiment is thicker than that shown in Fig. 1 3 because first absorbent sheet 
is foWed in C-shape and yet can be made thinner than the sanitary napkin shown in Fig. 12 which contains fluff pulp in 
the absorbent member 2. Further, a high liquid retention capacity is assured because of the C-shape. The third embod- 
iment thus provides a sanitary napkin having a high liquid retention capacity with a comfortable feel. 

35 In a sanitary napkin 100 shown in Fig. 15. as a fourth preferred embodiment of the absorbent article of the present 
invention, the absorbent member of the sanitary napkin 1 00 is composed of a plurality of first absorbent sheets 10,10, 
* • • piled one on the other (three sheets in Fig. 15). The backsheet 3 covers the sides and the back of the pile, and 
the topsheet 1 covers alt the surfaces of the pile and the backsheet 3. Similarly to the first embodiment, each the first 
absorbent sheet 1 0 is preferably set with its fiber aggregate having an absorbent surface facing to the side of the topsheet 

40 1. 

The sanitary napkin 100 of the third embodiment is thicker than that shown in Fig. 13 because of use of a plurality 
of first absorlDent sheets thus piled and yet can be made thinner than the sanitary napkin shown in Fig. 1 2 which contains 
fluff pulp in the absorbent member 2. Further, a high liqukl retention capacity is assured by using a plurality of first 
absorbent sheets 10 thus piled. The fourth embodiment thus provkjes a sanitary napkin having a high liqukJ retention 

45 capacity with a comfortable feel. 

According to the fifth preferred embodiment shown in Fig. 16. the first absorbent sheet 10 serves as a Ik^uid per- 
meat)le topsheet and a liquid retentive absorbent member. That is. the sanitary napkin 100 of this embodiment contains 
the first absort)ent sheet 10 as a unitary body serving as a liquid permeable topsheet and a liquid retentive absort>ent 
member, and both the skies and the bottom of the first absorbent sheet 10 are covered with the backsheet 3. in this 

so enfibodiment. the first absorbent sheet 10 is preferably set with its fiber aggregate having an absorbent surface on the 
skie to be in contact with the body. 

This type of the sanitary napkin 100 can be designed so as to have a further reduced thickness because it is com- 
posed of only a few members. Therefore, the fifth embodiment makes it possible to provide a sanitary napkin with a 
comfortat)le feel through a sinple process and at a tow cost. 

55 According to the sixth prefen-ed embodiment shown in Fig. 1 7. thef irst absorbent sheet 10 serves for three functions, 
i.e.. as a liqukJ permeable topsheet. a Uquki retentive absorbent member, and a Ikiuki impermeable backsheet. That is. 
the sanitary napkin 1 00 of this entoc&nent has a unitary structure in which a liqukl permeable topsheet. a liquKi retentive 
absort>ent member, and a liquid impenneable backsheet are integrated. In more detail, the sanitary napkin 1 00 comprises 
a Iquid Impermeable sheet 3* bonded to the Me opposite to the skle from which liquid is to be absort)ed and the first 
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absorbent sheet 10. K is particulariy preferable that the first absorbent sheet 10 be set such that the fber aggregate 
having the absorbent surface is positioned on the side from which liquid is to be ab8ort>ed. and liquid irttpermeable sheet 
3* be bonded to the side opposite to the absorbent surface. 

This type of the sanitary napkin 100 can be designed so as to have a further reduced thickness because it is com- 
5 posed of only a few members. Therefore, the sixth embodiment makes it possible to provide a sanitary napkin with a 
comfortable feef through a further simpGfied process and at a tower cost. The sixth embodiment is suitable as an absorb- 
ent article for absorption of a small anxMjnt of liquid, such as nursing breast pads or hygienic pads, as well as sanitary 
napkins. 

Next, another group of preferred embodiments of the absort>ent article according to the present Inventton is 
10 described. 

Another group of preferred embodiments of the absorbent article according to the present invention are those illus- 
trated above as the first to sixth embodiments (Figs. 1 2 to 1 7) in which the first absorbent sheet 1 0 is replaced with each 
of the second to sixth absorbent sheets. The explanation given to the above absorbent articles and the descriptions of 
Figs. 12 to 17 appropriately apply to the another group of prefened embodiments. 

15 While the at>sorfoem articles of the present invention have t>een described by referring to sanitary napkins as a 
particular example, these absorbent articles can also be used as other absorbent articles, such as hygienic pads, dis- 
posable diapers, medical pads, and nursing breast pads, and the like. If desired, a deodorizer, a bactericidal agerrt, and 
the like may be incorporated into the eft>soibent sheet to impart additional functions to the absorbent articles. Further, 
various changes and modifications can be made in the constituting elements of the absorbent articles and the processes 

20 lor producing the absorbent articles without departing from the scope of the present Invention. 

gXAMPU^S 

The present invention will now be Olustrated in greater detail by way of Examples and Comparative Examples, t>ut 
2S it is a matter of course that the present Invention is not limited to these examples. 

Processes tor preparing bulky cellutose fibers and hydrophilic fine fibers or particles which can be used in the fbl- 
towing Examples and Comparative Examples are shown below. Unless othenivise indicated, all the parts and percents 
are given by weight. 

30 PREPARATION EXAMPLE 1 

Preparation of Bulkv Cellulose Rbers 

One hundred grams of mercerized pulp having an average fiber length of 2.35 mm, a degree of f ber roughness of 
35 0.36 mg/m, and a degree of f ik>er rouncfriess In the fiber cross section of 0.80 ("Porosanier-J", produced by ITT Rayorver 
Inc.) were dispersed In 1000 g of an aqueous solution containing 5% dimethylolhydroxyethyleneurea (crossKnking agent 
"Sumitex Resin NS-19" produced by Sumitomo Chemical Co.. Ltd.) and 3% metal salt catalyst C^Sumitex Accelerator 
X-1 10" produced by Sumitomo Chemical Co.. Ltd.) thereby to impregnate the mercerized pulp with the crosslinking agent. 
The crosslinking agent aqueous solution was removed from the mercerized pulp until the amount of the crosslinking 
40 agent aqueous solution was reduced to 200% based on the mercerized pulp. The mercerized pulp was heated in an 
electric dryer at ISS'^C for 10 minutes to crosslink the cellulose in the mercerized pulp to obtain crossllnked mercerized 
pulp (designated cellulose fibers (A)). 

PREPAPAnQNEXAMPt^^g 

45 

Preparation of Bulky Cellulose Rbers 

Crossllnked pulp having an averagef iber length of 2.38 mm. a degree of fiber roughness of 0.32 mg/m. and a degree 
of f ber roundness In the fiber cross section of 0.30 ("High Bulk Additive HBA-S" produced by Weyerhauser Paper Co.) 
so was prepared (designated celluk)se fibers (B)). 

PREPARATION EXAMPLES 

Preparation of Bulkv Cellulose Rbers 

55 

Mercerized pulp having an average fiber length of 2.35 mm, a degree of fiber roughness of 0.36 mg/m. and a degree 
of fiber roundness In the fiber cross section of 0.80 ("Porosanler-J** produced by ITT Rayonier Inc.) was prepared (des- 
ignated cellulose fibers (C)). The cellulose fibers (C) are non-crosslinked fibers. 
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PRFPARATIQN EXAMPLE 4 
Prmi'^fr" ^ Cellulose Fibers 

5 Softwood Kraft pulp having an average fiber length of 2.56 mm. a degree of fiber roughness of 0.24 mg/m. and a 
degree of fiber roundness in the fiber cross section of 0.34 ("Harmac-R" produced by MacMillan Bloedel Ltd.) was 
prepared (designated cellulose fibers (D)). The cellulose f toers (D) are non-aosslinked fibers. 

PREPARATION EXAMPLE 5 

10 

Preparation of BkIKy Cellulose Rbere 



Softwood Kraft pulp having an average fiber length of 2.56 mm, a degree of fiber roughness of 0.35 mg/m, and a 
degree of fiber roundness in the fiber cross section of 0.28 ("Indorayon" produced by PT Inti Indorayon Utama) was 
IS prepared (designated cellulose fibers (E)). Cellulose fibers (E) are non-aosslinked fibers. 

PREPARATION EXAMPLE 6 



Preparation of Crosslinted Cellulose Ftoers 

20 

Crosslinked pulp was prepared in the same manner as in Preparation Example 1 , except for using hardwood Kraft 
pulp having a degree of f ber roughness of 0.13 mg/m and a degree of fiber roundness in the fiber cross section of 0.35 
("Bahia Sul Cellulose SA" produced by Bahia Su! Co.) (designated cellulose fibers (F)). 

The average fiber length, the degree of roughness, and the degree of fiber roundness in the fiber aoss section of 
2S cellulose f bers (A) to (F) were measured in accordance with the methods described below. 

Measurement of Averag e Fiber Length and Degree of Fiber Roughness: 



Measurement was made with a fber roughness meter FS-200 manufactured by Kajaani Electronics Ltd. In order to 
30 measure the true weight of cellulose fbers, cellulose f'bers are dried in a vacuum dryer at 100"C for 1 hour to remove 
the water content. 

Immediately thereafter, about 1 g of the cellulose fibers is weighed out to a precision of ±0.1 mg and completely 
disaggregated in 1 50 ml of water by means of a nnixer attached to the fiber roughness meter. The suspension is diluted 
with water to make 5000 ml. A 50 ml alk^uot of the diluted suspension is precisely measured out as a sample solution 
35 for measurement of the degree of f ber roughness. The average fiber length and the degree of fiber roughness are 
determined according to the operating procedure of the fiber roughness meter. The average fiber length is obtained from 
the following formula: 

n 

40 p,/,' 

Average Fiber Length « i=J 



45 



wherein nj is the nunber of fibers having f ber length \,; and 1; is a f ber length. 



Measurement of Degree of Rber Roundness in Fiber Cross Section: 

so The degree of fiber roundness in the fiber cross section of a cellulose fiber is obtained as follows. A cellulose fiber 
is transversely sliced with care not to change the sectional area, and an electron micrograph of the section is taken. The 
micrograph is analyzed by an image analyzer ("Avio EXCEL" manufactured by Nippon Avionics Co., Ud.) to ot^tain a 
degree of fiber roundness in the fiber cross section according to the following formula. Measurement is made on arbitrarily 
chosen 100 points to obtain the average. 

55 

Degree of fiber roundness in fiber cross section 4xnx (Sectional area of a fiber) ^ 

(Circumference of the section of thr fiber) 
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PREPARATION EXAMPLE 7 
Preparation of Hvdrophilic Fine Fibers 

5 Crosstinked hydrophiiic line fibers were prepared in the same nianner as in Preparation Example 1 , except for using 
cellulose fibers having an average fiber length of 0.1 2 mm and a degree of fiber roughness of 0.09 mg/m. and a degree 
of fber roundness in the fiber cross section of 0.31 ("KC Rock W-IOO" produced by Sanyo-Kbkusaku Pulp Co., Ltd.) 
which were obtained by hydroiyzing carefully selected pulp with an acid, washing with water, drying, and mechanically 
grinding into fine fibers. The resulting fibers were designated hydrophiiic fine fibers (G). 

10 

PREPARATION EXAMPLE e 
Preparation of Hvdrophilic Rne Rbers 

IS Cellulose fibers having an average fiber length of 0.12 mm and a degree of fiber roughness of 0.09 mg/m. and a 
degree of fiber roundness in the fiber cross section of 0.32 ("KC Rock W-IOO" produced by Sanyo-Kokusaku Pulp Co., 
Ltd.), designated hydrophilicfine fibers (H), were prepared. Hydrophilicf inefibers (H) is aproduct obtained by hydroiyzing 
carefully selected pulp with an acid, washing with water, drying, and mechanically grinding into fine fibers. Hydrophiiic 
fine fibers (H) are non-crosslinked fibers. 

20 

PREPARATION EXAMPLE 9 

Preparation of Hydrophiiic Fine Fibers 

2S Softwood kraft pulp having a degree of fiber roug^ess of 0.18 mg/m. and a degree of fber roundness in the fiber 
cross section of 0.32 ("Skeena Prime" produced by Skaena Cellulose Co.) was prepared (designated hydrophiiic fine 
fibers (t)). 

Example 1 

30 

Preparation of Absorbent Sheet 

In water were dispersed chemical pulp (soft wood kraft pulp. SKEENA PRIME produced by Skene Cellulose Co.) 
having a degree of fiber roughness of 0. 1 8 mg/m and a degree of fiber roundness in the fiber cross section of 0.32 and 

35 1 part by weight (solid content) of a strengthening assistant (polyamide epichlorohydrin resin. Kaimen WS-570 produced 
by Nippon PMC, Co.) per 100 parts by weight of dried pulp. The dispersed mixture was formed into a fiber web having 
40 g/m^ (solid content) at the forming part of the wet paper forming machine. Then, the fiber web was dehydrated at a 
suction box to the extent that the water content is made to 200 parts by weight based on 100 parts by weight of dried 
fiber web. Thereafter, a superabsoibent polymer (Polymer Q produced by Kao Co.) was spread substantially uniformly 

40 on the fiber web at amount of 50 g/m^. 

On the surface of the fiber web carrying thereon the spread superabsorbent polymer were overlaki an absorbent 
sheet, serving as the fiber aggregate, which had been previously prepared and had the same composition as the fiber 
web. The overlaid combinatnn of the fiber web and the absorbent sheet was Introduced into a dryer to dry the overlaid 
combination at 1 30 C so as to form the combination into a unitary body. In this way. absorbent sheet (A) incorporating 

45 a superabsorbent polymer fixed therein was prepared. 

Pr^rptipn of At?gQrt?$nt $h?g< 

50 

In water were dispersed 95 parts of cellulose f bers (C) and 5 parts of polyvinyl alcohol fit>ers having a f ineness of 
1 denier and a fber length of 3 mm (thermally fusible bonding fibers "Fibribond" produced by Sansyo K.K. , hereinafter 
refen'ed to as PVA fibers) in a prescribed concentration. The resulting dispersion was formed into a fiber web having a 
dry basis weight of 40 gfrr? m a forming part of a wet paper making machine. The fiber web was dehydrated in a suction 
55 box to have a water content of 1 50 parts per 100 parts of the web on a dry basis. A superabsorbent polymer ("Polymer 
Q' produced by Kao Corp.) was spread substantially untfomily over the dehydrated and still wet fiber web in an amount 
of 50 g/m^ In immediate front of a press part. 

As a fber aggregate, previously prepared absort)ent paper having the same compositk3n as the fiber web and a 
basis weight of 40 qHt? was overlaid on the superabsorbent polymer-spread SKle of the fber web. The laminate com- 
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posed of the fiber web and absort>ent paper was led to a dryer, where it was dried at ISO^'C and formed into a unitary 
body, thereby to obtain an absoft}ent sheet having fixed therein the superabsorbent polymer The resulting absorbent 
sheet is designated as sheet (B). 

Preparation pf Ab$Qrt?$nt ghQ^ 

In water were dispersed 70 parts of cellulose fbers (B). 30 parts of hydrophilic fine fibers (I) and 1 part by weight 
10 (solid content) of a strengthening assistant in solid content (pdyamide epichlorohydrin resin, Kaimen WS-570 produced 
by Nippon PMC, Ltd.) per 1 00 parts by weight of the mixed dry puip in a prescribed concentration. The resulting dispersion 
was formed into a fiber web having a dry basis weight of 40 g/m^ in a forming part of a wet paper making machine. The 
fiber web was dehydrated in a suction box to have a water content of 1 00 parts per 1 00 parts of the web on a dry basis. 
A superabsorbent polymer ("Polymer Q" produced by Kao Corp.) was spread substantially uniformly over the dehydrated 
75 and still wet fiber web in an amount of 50 g/nf in invnediate front of a press part. 

As a fiber aggregate, previously prepared absorbent paper having the same composition as the fiber web and a 
basis weight of 40 g/m^ was overlaid on the superabsorbent polymer-spread side of the fiber web. The laminate com- 
posed of the fiber web and absorbent paper was led to a dryer, where it was dried at ^ZO'*C and formed into a unitary 
body, thereby to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resulting absort)ent 
20 sheet is designated as sheet (C). 

EXAh/1PL£4 

Preparation of Absorbent Sheet 

2S 

In water were dispersed 95 parts of cellulose fibers (B) and 5 parts of PVA fibers in a prescribed concentration. The 
resulting dispersion was formed into a fiber web having a dry basis weight of 40 g/m^ in a forming part of a wet paper 
making machine. The fiber web was dehydrated in a suction box to have a water content of 1 00 parts perl 00 parts of 
the web on a dry basis. A superabsorbent polymer ("Polymer Q" produced by Kao Corp.) was spread substantially 

30 uniformly over the dehydrated and still wet fiber web in an amount of 50 g/m^ in immediate front of a press part 

As a f ber aggregate, previously prepared absorbent paper having the same corrposition as the fiber web and a 
basis weight of 40 g/m^ was overlaid on the superabsorbent polymer-spread side of the fiber web. The laminate com- 
posed of the fiber web and absorbent paper was led to a dryer, where it was dried at ISO^C and formed into a unitary 
body, thereby to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resulting absorbent 

3S sheet Is designated as sheet (D). 

EXAMPLES 

Preparation gf AteOrt?gnt ghget 

40 

In water were dispersed 90 parts of cellulose fibers (B) and 10 parts of low-boiiing polyester fibers having a fineness 
of 1 .1 denier and a fiber length of 5 mm (thermally fusible bonding fibers 'TM-07N*' produced by Teijin Ltd., hereinafter 
simply referred to as polyester fibers) in a prescribed concentration. The resulting dispersion was formed into a fiber 
web having a dry basis weight of 40 gfrr? In a forming part of a wet paper making machine. The fiber web was dehydrated 

45 in a suction box to have a water content of 1 00 parts per 1 00 parts of the web on a dry basis. A superabsorbent polymer 
Copolymer Q" produced by Kao Corp.) was spread substantially uniformly over the dehydrated and still wet fiber web in 
an amount of 50 g/m^ in immediate front of a press part. 

On the superabsorbent polymer-spread side of the f it>er web was overlaid dry processed heat adhesive nonwoven 
fabric (basis weight: 40 g/nf ) which was prepared by carding polyethyiene^lypropylene conjugate fibers having a 

so fineness of 2.2 denier and a fiber length of 38 mm and having been subjected to a surface treatment for rendering 
hydrophilic (a product of Chisso Corp.). The laminate composed of the fiber web and nonwoven fabric was ted to a dryer, 
where it was dried at 130*^ and formed into a unitary body, thereby to obtain an absorbent sheet having fixed therein 
the superabsorbent polymer. The resulting absorbent sheet Is designated as sheet (E). 

55 
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EXAMPLES 

Preparation of Absorbent Sheet 

5 In water were dispersed 60 parts of cellulose f bers (B). 35 parts of hydrophilic fine f bers (I), and 5 parts of poly- 
ethylene terephthalate fibers having a fineness of 1.1 denier and an average fiber length of 5 mm (thermally fusible 
bonding fbers "TMOTNSB" produced by Teijin Ltd.. hereinafter refered to as PET fibers), and the slurry was formed 
into a diffusing layer on the wire of a first paper making machine. 

Separately. 95 parts of cellulose fibers (B) and 5 parts of PET fbers were dispersed in water, and a permeable layer 

10 was fomied on the wire of a second paper making machine by using the slurry. 

The diffusing layer and the permeable layer were each removed from the wire and laminated one on the other to 
prepare composite absorbent paper as a f ber web. The fiber web thus formed had a total basis weight of 70 g/rr? on a 
dry basis, in which each of the diffusing layer and the permeable layer had a basis weight of 35 g/vr?. The f ber web had 
such a gradient in liquid diffusion as to exhbit high liquid permeability in Its penneable layer side and high liquid diffusing 

IS properties in its diffusing layer side. 

The fiber web was dehydrated in a suction box so as to have a water content of 200 parts per 1 00 parts of the fiber 
web on a dry basis. Subsequently, and in immediate front of a press part, a superabsorbent polymer ("Aquaric CAW-4'' 
produced by Nippon Shokubai Kagaku Kogyo Co.. Ltd.) was spread substantially unifomily on the permeable layer of 
the dehydrated wet f ber web at a rate of 50 g/rr?. 

20 A f ber web having a basis weight of 30 ghrf which had prenously been prepared according to the following formu- 
lation was overlaid on the superabsorbent polymer-spread side of the fiber web. The laminate of the f ber web and the 
fiber aggregate was led to a dryer, where It was dried at 130^0 and formed into a unitary body to obtain an absorbent 
sheet having fixed therein the superabsorbent polymer as shown in Fig. 3. The resulting absorbent sheet is designated 
absorbent sheet (F). 

2S The fiber aggregate used was prepared as follows. The cellulose fibers (A) and PET fibers were uniformly dispersed 
in water in a concentration of 0.19% and 0.01%. respectively, to prepare a 0.2% slurry. The slun^y was spread over the 
wire having an opening size of 90 )im (166 mesh) of a paper making machine to form a paper layer on the wire. The 
paper layer was dehydrated and dried in a suction box at a rate of 6 ml/[cm^ * sec] to obtain a fiber aggregate having a 
basis weight of 30 g/nf . The resulting f ber aggregate contained 95 parts of cellulose fbers (A) and 5 parts of PET fbers 

30 per 1 00 parts of the f ber aggregate. 

EXAMPLE 7 

Preparation of Absorbent Sheet 

3S 

An absorbent sheet (designated absorbent sheet (G) was prepared in the same manner as in Example 6, except 
for forming a diffusing layer from 70 parts of cellulose fbers (C). 25 parts of hydrophilic fine fibers (1), and 5 parts of PVA 
fibers, a permeable layer from 95 parts of cellulose fibers (C) and 5 parts of PVA fbers, and a fiber aggregate from 97 
parts of cellulose fbers (A) and 3 parts of PVA fbers. 

40 

EXAMPLES 

PrgparatlQn pf At?gQrt?9nt ghggt 

45 Cellulose fibers (B) and PET fbers were uniformly dispersed in water in a concentration of 0.19% and 0.01%, 
respectively, to prepare a 0.2% slurry. The slurry was spread on the wire having an opening size of 90 jim (166 mesh) 
of a paper making machine to form a paper layer on the wire. The paper layer was dehydrated in a suction box at a rate 
of 6 ml/[cnr}^ • sec] to obtain a f ber web having a dry basis weight of 30 g/rn^. The resulting fiber web contained 95 parts 
of cellulose fibers (B) and 5 parts of PET fbers per 1 00 parts of the f ber web. 

so The fiber web was dehydrated in a suction box to have a water content of 200 parts per 100 parts of the web on a 
dry basis. Subsequently and in irrtmediate front of a press part, a superabsorbent polymer (Aquaric CAW-4, produced 
by Nippon Shokubai Kagaku Kogyo K. K.) was spread substantially uniformly over the dehydrated and still wet f ber web 
at a rate of 50 g/m^. 

A fiber aggregate having a basis weight of 70 g/m^ which had been previously prepared according to the following 
ss formulation was overlaid on the superabsort>ent polymer-spread side of the fiber web in such a manner that the fiber 
web was brought into contact with the diffusing layer (hereinafter descrbed) of the f ber aggregate. The laminate com- 
posed of the fiber web and absort)ent paper was led to a dryer, where it was dried at 130*0 and formed into a unitary 
body, thereby to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resulting absorbent 
sheet is designated as sheet (H). 
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The fiber aggregate used above was composite absorbent paper composed of a permeable layer and a diffusing 
layer, which was prepared as follows. 

In water were dispersed 95 parts of cellulose fibers (C) and 5 parts of PET fibers, and a diffusing layer was formed 
on the wire of a first paper making machine by using the sluny. 
5 Separately. 70 parts of cellulose ifbers (C). 25 parts of ^rophilic fine fibers (I), and 5 parts of PET fibers were 
dispersed in water, and a permeable layer was formed on the wire of a second paper making machine by using the slurry. 

The diffusing layer and the permeable layer were each removed from the wire and laminated one on the other to 
prepare a composite absorbent paper as a fiber aggregate. The fiber aggregate thus formed had a total basis weight of 
70 g/m^. in which each of the diffusing layer and the permeable layer had a basis weight of 35 g/m^. The fiber aggregate 
10 had such a gradient in liquid diffusion as exhibited high liquid permeability in its permeable layer side and high Ik^uid 
diffusing properties in its diffusing layer side. 

EXAMPLE 9 

IS Preparation of Absorbent Sheet 

Cellulose fibers (A), hydrophilic fine fibers (H), and PVA fbers were uniformly dispersed in water in a concentration 
of 0.16%, 0.03%. and 0.01%, respectively, to prepare a 0.2% slurry. 

The slun-y was spread on the wire hanging an opening size of 90 ^ (166 mesh) of a paper making machine to form 
20 a paper layer on the wire. The paper layer was dehydrated in a suction box at a rate of 6 ml/[cm^ • sec] to obtain a fiber 
web having a basis weight of 70 g/rr?. 

The resulting fber web contained 80 parts of cellulose fbers (A). 15 parts of hydrophilic fine fibers (H), arxi 5 parts 
of PVA fibers per 100 parts of the fiber web. The proportion of hydrophilic fine fibers (H) was higher in one side of the 
fiber web than in the other side so that the fiber web showed such a gradient in liquid diffusion as exhibited high diffusion 
25 in the side with a high proportion of hydrophilic fine fibers (H) and k>w diffusion in the opposite side. 

The fiber web was dehydrated in a suction box so as to have a water content of 200 parts per 1 00 parts of the web 
on a dry basis. A superabsorbent polymer (Aquaric CAW-4, produced by Nippon Shokubai Kagaku Kogyo K.K.) was 
spread substantially uniformly over the side having a lower proportion of hydrophilic fine fit>ers (H) of the dehydrated 
and still wet fiber web at a rate of 50 g/m^. 
30 A fiber aggregate having a basis weight of 30 gftr? which had been previously prepared according to the following 
formulation was overlaid on the superabsorbent polymer-spread side of the fiber web. The laminate composed of the 
fiber web and the fiber aggregate was led to a dryer, where it was dried at ISO^'C and formed into a unitary body, thereby 
to obtain an absorbent sheet having fixed therein the superabsort>ent polymer. The resulting absorbent sheet is desig- 
nated as sheet (I). 

35 The fiber aggregate used above was prepared as follows. Cellulose fibers (A) and PVA fibers were uniforrrdy dis- 
persed in water in a concentration of 0.194% and 0.006%. respectively, to prepare a 0.2% slurry. The slurry was spread 
on a paper making wire having an opening size of 90 ^m (166 mesh) to form a paper layer on the wire. The paper layer 
was dehydrated and dried in a suction box at a rate of 6 mt/[cm^ • sec] to obtain a fiber aggregate having a basis weight 
of 30 g/m^. The resulting fiber aggregate contained 97 parts of cellulose fibers (A) and 3 parts of PVA fibers per 100 

40 parts of the fiber aggregate. 

E?(AMP|^ 10 

Preparation of Absorbent Sheet 

45 

Cellulose fibers (B) and PVA fibers were uniformly dispersed in water in a concentration of 0.194% and 0.006%, 
respectively, to prepare a 0.2% slurry The slury was spread on a paper making wire having an opening size of 90 ^m 
( 1 66 mesh) to form a paper layer on the wire. The paper layer was dehydrated in a suction box at a rate of 6 ml/[cm^ • sec] 
to obtain a fiber web having a basis weight of 30 g/m^. The resulting fiber web contained 97 parts of cellulose fibers (B) 
so and 3 parts of PVA fibers per 1 00 parts of the fiber web. 

The fiber web was dehydrated in the suction box so as to have a water content of 200 parts per 100 parts of the 
fiber web on a dry basis. 

Subsequently and immediately in front of a press part, a superabsorbent polymer ("Aquaric CAW-4" produced by 
Nippon Shokubai Kagaku Kogyo Co.. Ltd.) was spread substantially uniformly over the dehydrated and wet fiber web at 
55 a rate of 50 g/m^. 

A fiber aggregate having a basis weight of 70 gfrr? which had been previously prepared according to the following 
formulation was overlaid on the superabsort>ent polymer-spread side of the fiber web. The laminate corrposed of the 
fiber web and the fiber aggregate was led to a dryer, wher It was dried at 130*C and formed Into a unitary body, thereby 
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to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resulting absort}ent sheet is desig- 
nated as sheet (J). 

The fiber aggregate used above was prepared as follows. Cellulose fibers (A), hydrophilic fine fibers (H). and PVA 
fibers were unifornily dispersed in water in a concentration of 0.16%, 0.03%. and 0.01%, respectively, to prepare a 0.2% 
5 slurry. 

The slurry was spread on a paper niaking wire having an opening size of 90 fim (166 mesh) to form a paper layer 
on the wire. The paper layer was dehydrated and dried in a suction box at a rate of 6 ml/[cni^ • sec] to obtain a fiber 
aggregate having a basis weight of 70 g/m^. 
68210185] 

10 The resulting fiber aggregate contained 80 parts of cellulose fibers (A). 1 5 parts of hydrophilic fine fibers (H), and 

5 parts of PVA f bars per 100 parts of the fiber aggregate. The proportion of hydrophilic fine fibers (H) was higher in one 
side of the fiber aggregate than in the other side so that the fiber aggregate showed such a gradient in liquid diffusion 
as exhibited high diffusion in the side with a high proportion of hydrophilic fine fibers (H) and low diffusion in the opposite 
side. 

15 

EXAMPLE 11 

Preparation of Absorbent Sheet 

20 In water were dispersed 95 parts of cellulose fibers (A) and 5 parts of PVA fibers in prescribed concentrations. A 
fiber web having a dry basis weight of 70 g/m^ was formed from the slun*y in the forming part of a wet paper making 
machine. The fber web was dehydrated In the suction box so as to have a water content of 150 parts per 100 parts of 
the fiber web on a dry basis. In immediately front of the press part, hydrophilic fine fibers (G) were spread on the dehy- 
drated wet fiber web substantially uniformly at a rate of 20 Qhr?, and a superabsorbent polymer ("Aquaric CAW-4" 

2s produced by Nippon Shokubai Kagaku Kogyo Ca, Ltd.) was further spread thereon substantially uniformly at a rate of 
50g/m2. 

PreMously prepared absort>ent paper having the same composHton as the above fiber web and having a tsasis 
weight of 30 ghr? was overlaid on the side of the fiber web on which hydrophilic fine f bers (G) and the siq^erabsoibent 
polymer had been spread. The laminate of the fiber web and the absorbent paper were led to a dryer and dried at 1 30*C 
30 to obtsdn a unitary absorbent sheet having fixed therein hydrophlik: fine fibers (G) and the 8uperab6ort>ent polymer 
(designated absort>ent sheet (K)). 

EXAiyiPtrE 1? 
36 Preparatmn of Absorbent Sheet 

In water were dispersed 95 parts of cellulose fibers (B) and 5 parts of the polyester f ibers in presaibed concentra- 
tions. A fber web having a dry basis weight of 70 Q/rrP was formed from the slurry in the forming part of a wet paper 
making machine. The fiber web was dehydrated in a suction box so as to have a water content of 100 parts per 100 
40 parts of the iher web on a dry basis. After the fiber web was passed through a press part, hydrophilic fine fibers (G) 
were spread thereon substantially uniformly at a rate of 20 g/m^. and a superabsorbent polymer ("Aquaric CAW-4" 
produced by Nippon Shokubai Kagaku Kogyo Ca, Ltd.) was further ^read thereon substantially uniformly at a rate of 
SOg/m^. 

Prenously prepared absorbent paper having the same composition as the above fiber web and having a basis 
45 weight of 30 gArf was overlaid on the side of the fiber web on which hydrophilic fine f bers (G) and the superabsorbent 
polymer had been spread. The laminate of the fiber web and the absort>ent paper were led to a dryer and dried at 1 dO^'C 
to obtam an integrated absorbent sheet having fixed therein hydrophific fine fibers (G) and the superabsorbent polymer 
(designated absort>ent sheet (L)). 

so EXAMPLE 13 

Preparation of Absorbent Sheet 

An absorbent sheet (designated absorbent sheet (M)) was prepared in the same manner as in Example 12. except 
55 that the fiber web and the fber aggregate were each prepared from 95 parts of cellulose fibers (C) and 5 parts of PVA 
fibers and that a uniform mixture of hydrophilic fine fibers (H) and the superabsort>em polymer was spread substantially 
uniforntfy at a rate of 50 g of each fibers per m^. 
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E?<AMPl£ 14 

Preparation of Absorbent Sheet 

5 An absorbent sheet (designated absorbent sheet (N)) was prepared in the same manner as in Example 1 1 . except 
that thefber web and the fiber aggregate were each prepared from 95 parts of cetluiosef ibers (D) and 5 parts of polyester 
fibers and that a uniform mixture of hydrophilic fine fibers (H) and the superabsorbent polymer was spread substantially 
uniformly at a rate of 50 g of each fibers per m^. 

10 gxampie IS 

Preparation of Absorbent Sheet 

An absorbent sheet (0) was prepared in the same manner as in Example 1 1 . except that a f toer web and a fiber 
IS aggregate were prepared from 60 parts of the cellulose fibers (A), 40 parts of the cellulose fibers (D) and 1 part of a 
strengthening assistant (polyamide epichlorohydrin resin, Kaimen WS-570). and that a mixture of the hydrophilic fine 
fibers (H) and the superabsort)ent polymer both uniformly mixed was spread at an amount of 50 g/m^. respectively. 

Example 16 

20 

Preparation of Absorbent Sheet 

An absorbent sheet (P) was prepared in the same manner as in Example 1 1 , except that a fiber web and a fiber 
aggregate were prepared from 95 parts of the cellulose fibers (E) and 5 parts of the polyester fibers, and that a mixture 
25 of the hydrophilic fine fibers (H) and the superabsorbent polymer both uniformly mixed was spread at an amount of 50 
g/m^. respectively. 

■ COMPARATIVE EXAMPLE 1 
30 Pr^r^n <yf At^sprt^gnt Sh^et 

An absorbent sheet was prepared as follows using absort)ent paper having a basis weight of 40 g/m^ which had 
been previously prepared from hydrophilic fine fibers (I). 

Water was spread on the absorbent paper to give a water content of 200 parts per 1 00 parts of the dry absorbent 
35 paper. A superabsorbent polymer ("Polymer Q" produced by Kao Corp.) was spread on the wetted absorbent paper 
substantially uniformly at a rate of 50 g/m^. 

Absorbent paper having the same composition as the above at)Sorbent paper and having a fc>asis weight of 40 g/m^ 
was overlaid on the superabsorbent polymer-spread side of the absorbent paper. The laminate of the two sheets of 
absorbent paper was integrated by pressing and dried in a dryer to obtain an absort)ent sheet having a total basis weight 
40 of 1 30 gfvr? (designated absorbent sheet (Q)). The absortient paper on which the superabsorbent polymer was spread 
did not have the state of a wet fiber web. That is, the pulp fibers in the absorbent paper were strongly bound to each 
other Absorbent sheet (Q) consisted of a pair of sheets of absorbent paper with the superabsorbent polymer sandwiched 
therebetween in a layer. 

45 CQf^PARATIVE EXAMPLE 2 

Preparation of Absorbent Sheet 

W^er was spread on the same absort>ent paper as used in Comparative Example 1 to give a water content of 1 00 
so parts per 100 parts of the absorbent paper on a dry basis. A superabsorbent polymer ("Polymer Q" produced by Kao 
Corp.) was spread over the wet absorbent paper substantially unifonnly at a rate of 50 g/m^. 

Absorbent paper having the same conposrtion as the above absorbent paper and having a basis weight of 40 g/m^ 
. was overlaid on the superabsorbent polymer-spread side of the absorbent paper. The laminate was pressed and inte- 
grated by passing under an embossing roll having a 5 x 5 mm lattice pattern and dried in a dryer to obtain an absorbent 
55 sheet having a total basis weight of 130 g/nf . The resulting absorbent sheet is designated absorbent sheet (R). The 
absort)ent paper on which the superabsort>ent polymer was spread did not have the state of a wet f ber web. That is. 
the pulp fibers in the absort>ent paper were strongly bound to each other. Absoibent sheet (R) consisted of a pair of 
sheets of absort>ent paper with the superabsoitsent polymer interposed th rebetween by embossing. 
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COMPARATIVF EXAMPLE 3 
Preparation of Absorbent Sheet 

An adhesive ("Movinyl 710" produced by Hoechst Qosei K.K.) was applied to the same absorbent paper as used 
In Conrparative Example 1 at a spread of 20 gftr?, and a superabsorbent polymer ("Polymer Q" produced by Kao Corp.) 
was spread over the adhesive-applied side of the absorbent paper substantially uniformly at a rate of 50 g/m^. 

Absorbent paper having the same composition and basis weight as the absorbent paper used above was overlaid 
on the superabsorbent polymer-spread side of the absorbent paper. The laminate of the two sheets of absorbent paper 
was integrated by pressing and dried in a dryer to obtain an absorbent sheet having a total basis weight of 150 gfrr? 
(designated absort>ent sheet (S)). The absorbent paper on which the superabsorbent polymer was spread did not have 
the state of a wet fiber web. That is, the pulp fibers In the absorbent paper were strongly bound to each other. Absorbent 
sheet (S) consisted of a pair of sheets of absort>ent paper with the superabsort)ent polymer fixed therebetween in a 
layer via an adhesive. 

COMPARATIVE EXAMPUE4 

An absorbent sheet comprising synthetic pulp and a superabsorbent polymer and having a basis weight of 80 Qfrr? 
was prepared by a dry process as follows. 

A pulp sheet (soft wood pulp produced by Hercules, Ltd.) consisting of 25 parts of polyethylene synthetic pulp and 
75 parts of chemical pulp was fibrillated by means of a hammer mill, and a superabsorbent polymer (^'Aquaric CAW-4" 
produced by Nippon ShoKubai Kagaku Kogyo Co. , Ltd.) was mixed therewith in such an amount that the resulting absorb- 
ent sheet contained 50 g/m^ of the superat)Sork>ent polymer. The mixture was sheeted and then subjected to hot air 
treatment, whereby the polyethylene synthetic pulp was fused to provide an unitary body. The resulting dry processed 
absorbent sheet is designated absort>ent sheet (T). Absorbent sheet (T) had the superabsorbent polymer on Its surface. 

COMPARATIVE EXAMPLE 5 

Preparation of Absorbent Sheet 

A superabsorbent polymer ("Aquaric CAW-4' produced by Nippon Shokubai Kagaku Kbgyo Co., Ltd.) was spread 
at a rate of 45 g/m^ between a pair of pulp sheets (soft wood pulp produced by Hapix Ca, Ltd.) each having a basis 
weight of 45 g/rn^ which were prepared by an air-laid method. The pulp was then fixed with a chemical binder to prepare 
an absorbent sheet, designated absorbent sheet (V). 

COMPARATIVE EXAMPLE 6 

Preparation gf Absorbent Sheet 

Dry composite absorbent paper composed of a permeable layer and a diffusing layer was prepared as a fiber web 
as follows. 

In water were dispersed 60 parts of cellulose fibers (E). 20 parts of hydrophllic fine fibers (I), and 20 parts of PET 
fibers, and a diffusing layer was formed on the wire of a first paper making machine. 

Separately, 95 parts of cellulose fibers (E) and 5 parts of PET fibers were dispersed in water, and a permeable layer 
was formed on the wire of a second paper making machine. 

The diffusing layer and the permeable layer were removed from the wire and laminated one on the other. The 
laminate was dehydrated and dried to obtain a fiber web. The resulting fiber web was conposite absort)ent paper com- 
posed of the diffusing layer and the permeable layer, but had no diffusion gradient. The diffusing layer and the permeable 
layer each had a basis weight of 35 g/rr?, giving the fiber web a total basis weight of 70 g/m^. 

An adhesive (" Movinyl 710" produced by Hoechst Qosei K.K.) was applied to the permeable layer of the dried fiber 
web at a spread of 20 g/m^. and a superabsorbent polymer ("Aquaric CAW-4" produced by Nippon Shokubai Kagaku 
Kogyo Co., Ltd.) was spread thereon substantially uniformly at a rate of 50 g/m^. 

A fiber aggregate having a basis weight of 30 g/vr? which had been previously prepared according to the following 
formulation was overlaid on the superabsorbent polymer-spread side of the fiber web. The laminate was pressed into a 
unitary body and dried in a dryer at 1 30*C to obtain an absorbent sheet having a basis weight of 1 70 g/m^. The resulting 
absort>ent sheet is designated absorbent sheet (V). The fiber web on which the superabsorbent polymer was spread 
did not have the state of a wet f ber web. That is, the pulp fibers in the absorbent paper were strongly bound to each 
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other. Absorbent sheet (V) consisted of the fiber web and the fiber aggregate with the superabsorbent polymer fixed 
the-ebetween in a layer via an adhesive. 

The fiber aggregate used above was prepared as follows. Cellulose fibers (E) and PET fibers were uniformly dis- 
persed in water in a concentration of 0.1 9% and 0.01%. respectively, to prepare a 0.2% slurry The f toer aggregate was 
5 prepared by using the slurry In the same manner as in Example 1. The fiber aggregate contained 95 parts of cellulose 
fibers (E) and 5 parts of PET fibers per 1 00 parts of the f ber aggregate. 

COMPARATIVE EXAMPLE 7 

10 Preparation of Absort^ent Sheet 

A dry fiber web was prepared as follows. 

Cellulose fibers (D) and PVA fibers were uniformly dispersed in water in a ooncentration of 0.19% and 0.01%, 
respectively, to prepare a 0.2% slunry The slurry was formed into a fber web having a basis weight of 30 g/vr? in the 

IS same manner as in Example 7. The resulting fiber web contained 95 parts of cellulose fibers (D) and 5 parts of PVA 
fibers per 1 00 parts of the fber web. 

Water was supplied on the resulting fber web to give a water content of 10 parts per 100 parts of the fiber web on 
a dry basis. A superabsorbent polymer ("Aquaric CAW>4" produced by Nippon Shokubai Kagaku Kbgyo Co., Ltd.) was 
spread over the wetted fber web substantially uniformly at a rate of 50 g/m^. 

20 A fiber aggregate having a basis weight of 70 gfrr? which had been previously prepared according to the following 
formulation was overlaid on the superabsorbent polymer-spread side of the fber web in such a manner that the fiber 
web might be brought into contact with the diffusing layer (hereinafter described) of the fiber aggregate. The laminate 
of the fber web and the fber aggregate was integrated by pressing with an embossing roll having a 5 x 5 mm lattice 
pattern and dried in a dryer at 1 30^0 to obtain an at)sorbent sheet having a total basis weight of 1 50 g/nf. The resulting 

25 absorbent sheet is de^gnated absorbent sheet (W). The fber web on which the superabsorbent polymer was spread 
did not have the state of a wet fiber web. That is, the pulp fibers in the fiber web were strongly bound to each other. 
Absorbent sheet (W) consisted of the fber web and the fber aggregate with the superabsort}ent polymer pressed ther- 
ebetween by embossing. 

The fiber aggregate used above was composite ab5ort>ent paper composed of a permeable layer and a diffusing 
30 layer, which was prepared as follows. 

In water were dispersed 60 parts of cellulose fibers (D). 35 parts of hydrophilic fine fbers (I), and 5 r>arts of PVA 
fibers, and a diffusing layer was formed on the wire of a first paper making machine by using the slurry. 

Separately 95 parts of cellulose fbers (D) and 5 parts of PVA fibers were dispersed in water, and a permeable layer 
was formed on the wire of a second paper making machine by using the slurry 
35 The diffusing layer and the permeable layer were renuDved from the respective wires, laminated one on the other, 
and dehydrated and dried to prepare a fber aggregate. The resulting fber aggregate contained no bulky cellulose fbers 
and therefore did not have a diffusion gradient. 

The fber aggregate thus formed had a total basis weight of 70 Q/vr?, in which each of the diffusing layer and the 
permeable layer had a basis weight of 35 g/rr?. 

40 

CQMPfrqATIV^ EXAMPt-E8 

Preparation pf Ateprbent Shegt 

45 In water were dispersed 95 parts of cellulose fibers (D) and 5 parts of PVA fibers, and the slurry was formed into 
paper and dried by means of a paper making nr^achine to prepare absorbent paper having a basis weight of 70 g/m^. 
An absorbent sheet comprising the absorbent paper was prepared by the following process. 

Water was spread on the resulting absorbent paper to give a water content of 200 parts per 100 parts of the absorbent 
paper on a dry basis. A superabsorbent polymer ("Aquaric CAW-4" produced by Nippon Shokubai Kagaku Kogyo Co.. 

so Ltd.) was spread over Hhe wetted ak)sorbent paper substantially uniformly at a rate of 50 g/m^. 

Absori:>ent paper having the same composition as the above absorbent paper and a basis weight of 30 gfrr? was 
overlaid on the superabsorbent polymer-spread side of the absorbent paper. The laminate of a pair of the sheets of the 
absorbent paper was integrated by pressing and dried in a dryer to obtain an absort>ent sheet having a total basis weight 
of 1 50 g/m^. designated absorbent sheet (X). The absort>ent paper on which the superabsorbent polymer was spread 

ss did not have the state of a wet fber web. That is. the fbers composing the absorbent paper were strongly bound to each 
other even after wetted. Absorbent sheet (X) consisted of a pair of the sheets of ^e absorb^ paper with the superab- 
sortient polymer sandwiched therebetween in a layer. 
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fy >MPARATIVE EXAMPLE 9 
Preparation of Absorbent Sheet 

5 In water were dispersed 95 parts of cellulose fibers (E) and 5 parts of PET fibers, and the slurry was fornned into 
paper and dried by means of a paper making machine to prepare absorbent paper having a basis weight of 70 g/trf. 
An absort>ent sheet comprising the absorbent paper was prepared by the following process. 

The absorbent paper was coated with an adhesive fMovinyl 710" produced by Hoechst Gosei K.K.) at a spread of 
20 g/rr?, and a superabsorbent polymer ("Aquaric CAW-4" produced by Nippon Shokubai Kagaku Kogyo Co.. Ltd.) was 

10 spread thereon substantially uniformly at a rate of 50 g/m^. 

Absorbent paper having the same composition as the above absorbent paper and a basis weight of 30 gfrr? was 
overlaid on the superabsorbent polymer-spread side of the above absorbent paper. The laminate was pressed into a 
unitary body and dried in a dry^ to obtain an absorbent sheet having a total basis weight of 150 glir?, designated 
absorbent sheet (Y). The at)Sort>ertt paper on which the superabsorbent polymer was spread did not have the state of 

IS a wet fiber web. That is. the pulp f bers In the absorbent paper were strongly bound to each other. Absorbent sheet (Y) 
consisted of a pair of the sheets of absorbent paper with the superabsort)ent polymer sandwiched therebetween in a layer. 

CQI^PARATIVE EXAMPLE 10 

20 Preparation o f Absorbent Sheet 

In water were dispersed 95 parts of cellutose fibers (F) and 5 parts of PVA fibers, and the slurry was formed into 
paper and dried by means of a paper making machine to prepare at>sorbent paper having a basis weight of 70 g/m^. 
An absorbent sheet comprising the absorbent paper was prepared by the following process. 

2S Water was spread on the resuiti ng absorbent paper to give a water content of 1 0 parts per 1 00 parts of the absorbent 
paper on a dry basis. A superabsorbent polymer ("Aquaric CAW-4** produced by Nippon Shokubai Kagaku Kogyo Co.. 
Ltd.) was spread on the wetted absorbent paper substantially uniformly at a rate of 50 gfrr?. 

Absorbent paper having the same composition as the above absorbent paper and a basis weight of 30 g/m^ was 
overlaid on the superabsorbent polymer-spread side of the absorbent paper The laminate of a pair of the sheets of the 

30 at>sorbent paper was integrated by pressing under an embossing roll having a 5 x 5 mm lattice pattern and dried in a 
dryer to obtain an absorbent sheet having a total basis weight of 150 g/m^. designated at}sorbent sheet (Z). The absorb* 
ent paper on which the superabsorbent polymer was spread did not have the state of a wet fiber web. That is, the fibers 
composing the absorbent paper were strongly bound to each other even after wetted. Absorbent sheet (Z) consisted of 
a pair of the sheets of such absorbent paper with the superabsorbent polymer sandwiched therebetween in a layer. 

35 Each of the absorbent sheets prepared was tested according to the following test methods. The results obtained 
are shown in Table 1 below! 

Thickness: 

40 An absorbent sheet was cut to an appropriate size, a load of 2.5 g/cm^ was applied thereon with a loaded area of 
1 0 cm^ (a disk having a radius of 1 7.8 mm), and the thickness of the sheet under the load was measured with a thickness 
meter. Measurement was made on 10 cut pieces per sample to obtain an average thickness. 

Test of Fall-off of Superabsorbent Potvmer: 

45 

A 70 X 200 mm piece cut out of an absorbent sheet was weighed and put in a 280 mm long and 200 mm wide 
polyethylene bag with a fastener. Vibration was given to the test piece by shaking the bag 50 times by the hand. The 
test piece was again weighed to obtain a change in weight. In order to facilitate visual observation of the superabsorbent 
polymer fallen in the bag. water tinted with Blue No. 1 (0.3 g/100 ml of water) was put into the bag to swell the fallen 
so superabsort>ent polymer. The degree of fall-off of the superabsorbent polymer was observed with the naked eye and 
graded as follows. 

Good ... Fall-off of superabsort>ent polymer is hardly observed. 
Fair ... Slight fall-off of superabsorbent polymer is observed. 
55 Poor... Considerable fan-off of superabsort>ent polymer is observed. 

Measurement was made ten times, and a fall-off value was calculated by averaging the measured values. 
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Wfl» fifrrentyth of Absofbent Shee^ 

Ten grams of water tinted with Blue No. 1 (0.3 g/100 ml of water) was dropped on a plate and wiped off by hand 
with a 200 mm x 200 mm test piece cut ut of an absorbent sheet. The wiping test was repeated three times for each 
5 test piece (until 30 g of water was absorbed in the test piece). The surface condition of the test piece and the fall-off of 
the superabsoibent polymer were examined. 

Qood ... The surface of the absort>ent sheet does not rip. and the SMperabsorbent polymer does not fall off. 
Fair ... The surface of the absorbent sheet slightly rips, but the siperabsorbent polymer does not fall off. 
10 Poor ... The surface of the absorbent sheet rips, and the superabsorbent polymer falls off. 

Saturated Absorption: 

A 5 cm square test piece cut out of an absorbent sheet is put in a bag made of nonwoven fabric and soaked in ion- 
15 exchanged water for 10 minutes as contained in the bag. The bag was taken out of water, hung in air fori hour to let 
the water drip, and weighed to otJtain a weight gain per gram of the sheet as a saturated absorpBon (q/q). 

Rate of Absorption: 

20 As shown in Fig. 18, 10 cm square transparent acrylic plate 220 having a throughhole of 1 cm in diameter in the 
center thereof was placed on 1 5 cm square absorbent sheet 200. and weights 222 were put thereon to apply a load of 
5 gfcrr? to the absorbent sheet. Twenty milliliters of physiological saline was poured Into the sheet through the hole, and 
the time required for the sheet to absoft physiological saline was measured. One minute later, the same absorptk>n test 
was repeated to measure the time for re-absorption. 

25 

Back-flow: 

As shown in Fig. 19. after 10 minutes from the above^lescribed measurement of the rate of absorption, 10 sheets 
of 15 cm square filter paper 224 (Toyo RIter Paper Type 2) were piled up on the absorbent sheet, and 15 cm square 
30 acrylicplate226andweigm222wereputthereontoapplyak)adof50g^cm^for1 minute. Filter paper 224 was removed, 
and the weight of physiological saline absorbed in fitter paper 224 was taken as a back-flow. 
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EXAMPLE 17 

Preparation of Absorbent Articie 

5 A sanitary napKin having the structure of Rg. 1 2 was prepared as follows. 

A 175 m long and 73 mm wide absort>ent sheet (D) was used as the absorbent sheet 10. Fluff pulp 2a having a 
basis weight of 300g/m^ and a thickness of 4.5 mm, cut to a size of 175 mm length and 73 mm width, was laminated 
thereon. The sides and the upper part of the combination of absorbent sheet (D) and the fluff pulp were covered with 
130 mm wide and 175 mm long wet-processed absorbent paper 2b consisting of wood pulp to prepare the absorbent 

10 member 2. 

Waterproof paper 205 mm long and 95 mm wide (wet-processed absorbent paper having polyethylene laminated 
thereon) was used as the backsheet 3. The sides and the bottom of the absorbent member 2 was covered with the 
waterproof paper. All the surfaces of the combination of the absorbent member 2 and polyethylene-laminated paper 
were covered with the 205 mm long and 172 mm wide topsheet 1 capable of absorbing body liquids (hereinafter 
IS described], and all the members were fixed to each other with hot-melt adhesive 6. Finally, a pair of adhesive bands 4 
each having a width of 20 mm and a length of 1 1 5 mm were provided on the bottom by applying a hot-melt adhesive at 
a spread of 30 g/nn^. Thus, the sanitary napkin having the structure shown in Fig. 12 v^s obtained. 

A perforated polyethylene film was used as the topsheet 1 . This film was obtained by perforating a polyethylene film 
having a basis weight of 30 g/rr? to make openings having a diameter of 0.5 mm at a opening area ratio of 20%. 

20 

Preparation of Absorbent Article 

25 A sanitary napkin having the structure of Rg. 14 was prepared as follows. 

A sanitary napkin having the structure of Fig. 14 was prepared in the same manner as in Example 14. except that 
the absorbent member was prepared by folding a 175 mm long and 145 mm wide absorbent sheet (B) into a C-shape 
in such a manner that both ends met substantially at the center of the folded sheet to make the width 73 mm. The 
absorbent sheet (B) was used as the absort)ent layer. 

30 

EXAMPLES 19 TO 30 

Pr ep aratipn g f Ab$Qrt?gnt Artigig 

35 Sanitary napkins having the structure of Rg. 14 were prepared in the same manner as in Example 18, except for 
replacing ab6ort)ent sheet (B) with absoibent sheets (C) to (N). 

COf^PARATIVE EXAf^PLE 11 

40 Preparation of Absorbent Article 

A sanitary napkin having the structure of Rg. 20 was prepared as follows. 

A small amount of water was spread over fluff pulp 2a having a basis weight of 300 g/rr?, a thickness of 4.5 mm, a 
length of 1 75 mm. and a width of 73 mm, and about 0.53 g of superabsorbent polymer 2e ("Aquaric CAW-4" produced 

45 by Nippon Shokubai Kagaku Kogyo Co.. Ltd.) over the area of 60 mm (W) x 175 mm (L) of the wetted fluff pulp 2a 
substantially uniformly (50 g-polymer/m^. Wet processed absorbent paper 2b made from wood pulp having a basis 
weight of 18 g/m^, a length of 1 75 mm. and a width of 73 mm was overlaid on the polymer-spread side of the fluff pulp. 
All the surfaces of the combined members were covered with wet processed absorbent paper 2c made from wood pulp 
having a basis weight of 18 g/m^, a length of 175 mm, and a width of 130 mm to prepare the absorbent member 2. The 

so sanitary napkin 1 00 shown in Rg. 20 was prepared by using the resulting absorbent memt)er in the same manner as in 
Example 14. 

COMPARATIVE EXAMPLE 12 

55 Preparation of Absorbem Article 

A sanitary napkin having the structure shown in Rg. 12 was prepared in the same manner as in Example 1 7, except 
for replacing the ab50it>ent sheet (D) with the absorbent sheet (Q). 
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COMPARATIVE EXAMPLES 13 AND 14 

Preparation of Absorbent Article 

5 Sanitary napkins having the structure shown in Fig. 1 2 were prepared in the same manner as in Example 1 7. except 
for replacing absorbent sheet (D) with each of the absorbent sheets (R) and (S). 

COMPARATIVE gXAMPI-ES 1$ Tp 

10 Preparation of Abwrfrent Articie 

Sanitary napkins having the structure shown in Pig. 14 were prepared in the same manner as in Example 18, except 
fa replacing the absorbent the sheet (B) with each of the absorbent sheets (Q) and (T) to (Z). 

The polymer fixing performance and absorption performance of the sanitary napkins prepared in Examples 17 to 
IS 30 and Comparative Examples 1 1 to 22 were evali^ed by testing in terms of fall-off of the polymer, thickness of the 
article, absorbing time, and back-f tow and leakage in a moving mode according tp the following test methods. The results 
obtained are shown In Table 2. 

Test on Fall -off of Superabsorbent Polymer: 

20 

A sanitary napkin was weighed and put in a 280 mm long and 200 mm wide polyethylene bag with a fastener. 
Vibration was given to the napkin by shaking the bag 50 times by the hand. After the test, the napkin was again weighed 
to obtain a change in weight. In order to facilitate visual obeen^tion of the superabsorbent polymer fallen in the bag. 
water tinted with Blue No. 1 (0.3 g/1 00 ml of water) was put into the bag to swell the fallen superabsorbent polymer. The 
25 degree of fall-off of the superabsorbent polymer was observed with the naked eye and graded as follows. 

Gkxxj ... Fall-off of superabsorbent polymer is hardly observed. 

Fair ... Slight fall-off of superabsorbent polymer is observed. 

Poor ... Considerable fall-off of 8uperab8ort>ent polymer is observed. 

30 

Measurement of Product Thickness: 

As shown in Fig. 21 , 10 sanitary napkins were piled up, and an aaylic plate weighing 500 g was put thereon. The 
total thickness of the pile under load was measured to obtain a thickness per single sanitary napkin. 

35 

Measurement of Absorbing Time (5 ql. Re-absorbino Time MO qV and Back-ftaw in Movino Mode: 

A device for measuring the rate of absorption as shown in Fig. 18 was used for measurement. A sanitary napkin 
obtained in Examples 17 to 30 and Comparative Exanples 11 to 22 was placed horizontally in place of absorbent sheet 
40 200 shown in Fig. 18. Acrylic plate 220 having an inlet having a diameter of 1 cm was placed on the napkin, and weights 
222 were put thereon to apply a load of 5 g/cvr? to the sanitary napkin. 

Five grams of defibrinated equine blood (produced by Nihon Biotest Kenkyusho K.K.) were poured through the inlet, 
and the time (sec) required for the blood to be absoibed completely was measured. After the complete absorption, the 
sanitary napkin was left to stand for 20 minutes. Then, another 5 g of defibrinated equine blood was again poured to 
45 obtain the time required for re-absorption (10 g), and the napkin was allowed to stand for 20 minutes. 

Thereafter, 10 sheets of absofbent paper made from softwood pulp having a basis weight of 30 g/rr?, a length of 
195 mm, and a width of 75 mm were placed on the upper side of the sanitary napkin (the side to be in contact with the 
body). The sanitary napWn with absorbent paper on was fixed to panties, and the panties were fitted onto movable nuxJei 
230 of female hips and crotch as shown in Fig. 23. The nxxlel was made to take a walking movement at a rate of 100 
so steps/min (corresponding to a walking speed of 50 m/min) for 1 minute. 

After the walking movement, the sanitary napkin 100 and 10 sheets of absort>ent paper were removed, and the 
weight of defibrinated equine blood absorbed into the absorbent paper was measured as a back-f tow (g). The test was 
conducted 5 times for each sample to obtain an average value for each of absorbing tinne. reabsorbing time, and back- 
f tow in a moving mode. 

55 
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Leak Tesi f Number of Leaks^: 

As shown in Fig. 23, the sanitary napkin 100 obtained in Examples 17 to 30 and Comparative Examples 1 1 to 22 
was fitted to panties and applied to a nmable nrtodel 230 of female hips and crotch. The model 230 was made to take 
5 a walking movement at a rate of 100 steps/min (con'esponcfing to a walking speed of 50 m/min) for 10 minutes. 

While keeping the model 230 in a moving mode, 5 g of defibrinated equine blood was poured into the sanitary napkin 
100 through a tube 232. and the walking movement was continued for an additional period of 20 minutes at the same 
walking speed (5 g-absorption). Another 5 g of defibrinated equine blood was again poured, followed by walking at the 
same speed for another 20 minutes ( 1 0 g-absorption). The test was conducted 1 0 times per sample, and the samples 
10 having a leak at 5 g-absorption and 1 0 g-absorption were counted. 
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As is apparent from the results in Tables 1 and 2. the absort)ent articles according to the present invention, in which 
an absorbent sheet conprtsing a fiber web and a fiber aggregate in a unitary body and having contained therein a 
superabsorbent polymer is used, are excellent in terms of fixing of the superabsorbent polymer as compared with con- 
ventional absorbent articles using conventional absorbent sheets tn which the superabsorbent polymer is integrated by 
55 water spreading, embossing or application of adheslves. Even in using such a thin absorbent sheet as has a thickness 
of 2 to 3 mm, the absort>ent articles of the present invention exhibit excellent absorption characteristics in terms of rate 
of absorption, back-flow, and the like. 

Further, in spite of a very simple structure, the absorbent articles of the present inventi n exhibit extremely high 
performance, having a high rate of absorption and a small back-flow, and being prevented from leaking. This is because 
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the absorbent sheet used therein has a gradient in the nnanner of liquid diffusion within its unitary structure so that liquid 
is quicWy absorted and smoothly permeates through the absorbent sheet while sufficiently diffusing. 

Many other variations and modifications of the invention will be apparent to those skilled in the art without departing 
from the spirit and scope of the invention. The above<lescribed embodiments are, therefore, intended to be merely 
5 exemplary, and all such variations and modifications are intended to be included within the scope of the invention as 
defined in the appended claims. 

Claims 

10 1. An absort>ent sheet comprising at least hydrophiltc fibers and thermally fusible bonding fibers or a strengthening 
assistant, and a superabsoibent polymer, the absorbent sheet being characterized in that: 

the superabsort)ent polymer is not present on an absort)ent surface of the absorbent sheet for absorbing 
liquid but distributed Inside the absorbent sheet, and is adhered and fixed to the hydrophilic fibers constituting the 
at)sorbent sheet; 

IS the superabsortent polymer is spread at an amount of 5 to 300 g per 1 m^ of the absorbent sheet; and 

the absorbent sheet has a thickness of 0.3 to 1 .5 mm. 

2. The absorbent sheet according to claim 1 , wherein 

the absorbent sheet conprises a fiber aggregate and a ftoer web, the fber aggregate and the fiber web 
20 forming a unitary body: 

the fiber aggregate has the absorbent surface, and does not contain the superabsoibent polymer at the side 
of the absorbent surface; 

the fiber web comprises at least the hydrophilic fbers; and 

the superabsortent polymer is predominantly distributed inside the fber web. 

25 

3. The absorbent sheet according to claim 2, wherein 

the fiber aggregate has a basis weight of 10 to 200 g/m^. and 
the fiber web has a basis weight of 10 to 200 g/nf . 

30 4. The absorbent sheet according to claim 1 . wherein the hydrophilic fbers are bulky cellulose fibers. 

5. The absorbent sheet according to daim 4, wherein the bulky cellulose fbers have a degree of fber roughness of 
0.3 mg/m or more. 

35 6. The absort)^ sheet according to claim 4, wherein the bulky cellulose fbers have a degree of fber roundness in 
the fber cross section of 0.5 to 1 . 

7. The absorbent sheet according to claim 4, wherein the bulky cellulose fbers are crosslinked cellulose fibers. 

40 8. An absorbent sheet which comprises superabsorbent polymer particles, and a fiber structure comprising bulky 
hydrophilic cellulose fibers and thermally fusible bonding fibers or a strengthening assistant. 

the superabsorbent polymer particles being not present on an absorbent surface of the absort>ent sheet for 
absorbing the iKiuid but distrbuted inside and fixed to the fber structure: and 

the absorbent sheet having a thickness of 0.3 to 1 .5 mm. and the superabsorbent polymer being spread at 
45 an amount of 20 to 70 g per 1 m^ of the ak)sorbent sheet. 

9. A process for preparing an absort)ent sheet comprising at least hydrophilic fibers and thermally fusible bonding 
fbers or a strengthening assistant, and a superabsorbent polymer, the process comprising the steps of; 

spreading the superabsorbent polymer on a wet fber web which is prepared by a wet process from an aque- 
50 ous slun'y comprising at least the hydrophilic fbers and the thermally boncSng fbers or the strengthening assistant: 
overlaying thereon a fiber aggregate comprising the hydrophilic fibers and the thermally fusble bonding fbers 
or the strengthening assistant; and 

drying a ooirbinatbn of the fiber web and the fber aggregate to form a unitary body thereof. 

ss 10. The process according to daim 9, comprising the steps of: 
forming the fit>er web at a forming part; 
dehydrating the fber web at a suction dehydration step: 

spreading the 8uperabsort>ent polymer over the fber web befor a pressing part and overlaying ttie fiber 
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aggregate on the f ber web; and 

drying a combination of the fiber web and the f ber aggregate with a dryer and forming a unitary body thereof. 

11. An absorbent article comprising at least a liquid retentive absorbent meml^er and a liquid inpermeable backsheet. 
the absorbent article being characterized in that: 

the absorbent member comprises the absorbent sheet according to daim 1 . 

12. An at)sorbent article for absorbing txxjy fluids comprising at least a liquid retentive absorbent member and a liquid 
impermeable backsheet, the absorbent article being characterized in that: 

the absorbent member comprises the absorbent sheet acoor(£ng to daim 8; and 
the absort>ent article does not give uncomfortable feeling caused by absorption of the body fluids and swelling 
of the superabsorbent polymer particles during usage. 

13. The absorbent sheet according to claim 2. wherein 

the fiber aggregate predominantly comprises the bulky cellulose fibers having a degree of fiber roughness 
of 0.3 mg/m a more; and 

the fiber web comprises a permeable layer predominantly comprising the bulky cellulose fibers having a 
degree of f ber roughness of 0.3 mg/m or more and a diffusing layer being located adjacent to the permeable layer 
and comprising the bulky cellulose f bers having a degree of fiber roug^ess of 0.3 mg/m or more and the hydropNlic 
f ine f bers. the f ber web being located adjacent to the f ber aggregate at the permeable layer. 

14. The absorbent sheet according to claim 2, wherein 

the fiber aggregate comprises a permeable layer predominantly comprising the bulky cellulose fibers having 
a degree of fiber roughness of 0.3 mg/m or more and a diffusing layer being located adjacent to the permeable layer 
and comprising the bulky cellulose f bers having a degree of fiber roug^ess of 0.3 mg/m or more and the hydrophilic 
fine fbers; and 

the fiber web predominantly conrprises the bulky cellulose fibers having a degree of fiber roughness of 0.3 
mg/m or more and is located adjacent to the diffusing layer of the fiber aggregate. 

15. The ak)sorbent sheet according to daim 2. wherein 

the fiber aggregate predominantly comprises the txilky cellulose fbers having a degree of fiber roughness 
of 0.3 mg/m or more; and 

the fber web comprises the bulky ceilutose fbers having an average fiber length of 1 to 20 mm and a degree 
of fber roughness of 0.3 wgfm or more and the hydrophilic fine fbers having an average fber length of 0.02 to 0.5 
mm. the proportion of the hydrophilic fine fbers being higher in one of the sides of the fiber web than in the other 
side, and the fiber web being located adjacent to the fiber aggregate at the side having a lower proportion of the 
hydrophilic fine fbers. 

16. The absorbent sheet according to claim 2, wherein 

the fber aggregate comprises the bulky cellulose fbers having an average fber length of 1 to 20 mm and a 
degree of fiber roughness of 0.3 mg/m or more and the hydrophilic fine fbers having an average fiber length of 0.02 
to 0.5 mm, the proportion of the hydrophilic fine fbers being higher on one of the sides of the fiber aggregate than 

on the other side; and 

the fber web predominantly comprises the bulky cellulose fib&s having a degree of fiber roughness of 0.3 
mg/m or more, and is located adjacent to the side of the fiber aggregate having a lower proportion of the hydrophilic 
fine fibers. 

1 7. The absorbent sheet according to daim 2. wherein the fber web conp-ises the bulky cellulose fbers predominantly 
and further contains hydrophilic fine fibers or hydrophilic fine partides. the hydrophilic fine fbers or the hydrophilic 
fine partides being contained mainly in the area where the superabsorbent polymer is present. 
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FIG. 11 




49 



EP 0719 531 A1 






SO 



EP0 719531 A1 




FIG. 17 



4 



FIG.18 , ^ g 



222 

J 



ZZZZZZ222ZZZn 
200 



-220 





51 



■ 

t EP0 719 531A1 



FIG.21 




FIG.22 FIG.23 




52 




t EP0n9 531 A1 



FIG. 24 






53 



I 



EP 0719 531 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 95 12 0675 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CBtcc*ry 



of rdevwu p«qigcs 



Rcfevant 

to I 



(XAssinczAnoN of the 

APnJCATION (laLCL^ 



P,X 

X 
X 



D,X 



D.X 



EP-A-0 661 030 (KAO CORPORATION) 

* the whole document * 

EP-A-0 394 812 (WEYERHAEUSER COMPANY) 

* claims * 

EP-A-0 528 248 (KIMBERLY CLARK CO) 24 
February 1993 

* claims; figures; exanples * 

WO-A-92 14430 (WEYERHAEUSER CO) 3 
September 1992 

* claims * 

US-A-5 021 050 (ISKRA MICHAEL J) 4 June 
1991 

* claims; figures * 

US-A-4 605 402 (ISKRA MICHAEL J) 12 August 
1986 

* claims; figures * 



1-17 

1 

1 

1.2 
1.2 
1.2 



The 



sufch report has been d^awn op for ell eia 



A61F13/15 



TECHNICAL FIELDS 
SEAtCHED (ULCLt) 



A61F 



8 
8 

i 



PiMiOftMKll 

THE HAGUE 



D^f ii^imiirftttiMKi 

19 April 1996 



Douskas, K 



CATEGORY OF QTED DOCUMENTS 

X : pvticulaily rcievsaf if takca olooc 

Y : pwticttUriy rdcvaat If oNftbteii wMk soother 

4ocum«nt of the sine ottcxoiy 
A : todwofogicml tedifnMoi 

O : 



T : tkary w friodptc nadcrtyixif the tei«atioo 
E : orHtf potAt doouocot, tat pabhshcd oa, or 

iftcr the filins iotc 
D : teoMoMt dtci to th« opptkotioo 
L : tecuoitot dt«4 for other reuoos 



r of the SUM pttcat fudlDr, nwi i rp ii ni hig 



54 



